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EO 90:8 2 Of Oens pone 


el sin = rel 
J Vee =— 26 (/-1) 
with (/-6) 
=> - a j We 
vx[Re(Ees”*) | ave Re[ Ber* | 
or 4 : 
Ree" 5, E | = Re[-Bjw eve | 
from which i) 
ip ef ate -jwB (/-7) 
If the /ast step is not obvious one can use the following. 
I+ Re[c,ev”* | = Rel cz e1n" | CG Comp lex 0S, 
or 


Re[a,+jb,)¢cos wt + § sinwt)] = Re[(a. +; b,)(cos wt +, sin we) 
PCs. sii a Cos wz. be sinwt 
which must be true sor any Zime t since a,,b,,dz, bz 
are rea/ constants. Thus a,=@, and b=b,. Hence 
C,=C, 
na’ — 
Are lying this to the above, let ¢-—> vxF and GQ -j»8, 
Seom which C-7) fol/ows. 
eek Using (/-13) fn (/-9) gives 
Cr =7-D= v-(£ ) 
From (/-//) ee 72 ip 
Cr5 a 
S 
© se a3 Ss 
i V- | — = MY | nang 
VEE)= Peder = 05 v- (cE +J)= V- aw Eee vey 


cc i oO wy 
ve (Ebr os Ee v-(é/E) SU eG 
Bot V- T=—jwe (/-ZO) 
ence v.(elE)=ae which is C-/8) 2 
B§ ag a oS _ v(cE) 
Note -3¥er=v-J_= vo )+7-J=v.E)-jwe > Cr=a te 
1 


O 


hae) From Mae). aide Gla 


Bee Shee SEE ah | =-jweE*+cE" +g * 
From (A- 19) 


eat) H "(0x E)— E-vxH* 
= H* pou es aL) E- (-jwe E* rok ae) 


= -ywe/H/?+jwe/e/*_ o/e/*_- EF * 
So 
-v-(ExH*)=E-F"+ c/E/* + jw (a/al™ € 12/7) 


Taking 3(\§ du of both sides, = ENC ox rae 
=-Z Exh ds by divergence yi cc ae (A-23) 
jE-T*du +2 f5i o)E|*dur +)2us | (Lala z €/el [der 
Ky 


aie = Fe. + ae + j £W( Wing, - We, ) 


which is (-28) and sdent:tication of terms ia last 
Ewo equations yields (/-Z9) Lo (/-33). 


[.2-4 Rae ge Fi: 
. an Gpeal a R ie 
V=I(R+jwLl sic ) , oa ae 
P= VL" erm 8 oe } 

N s Ga 
=|IMPRejywLlIT JIE : J 
Ee ee 


=) Oils R + jZw(E Lil b> [n) 
gO EB. +94w (W, We av ) which is (-Z9%) with ese 


y 
where 


z 
aITITR, Wy saLltl , 
Weay = 2 ClVl7=2 Cpanel | SINCE Me l= >7 IE] 
= a - mr, 
Note: In a ees Tope and ttt) = Kel Iway ev*) 
and in fields E=E~ 4 


yo -} Egn. (/-/8) Is ae 
a Wize, Yel 
Subsz/Zu ing Peas 4 jl 7) 
heer 
into ua gives 


f= vCjwwA-v$)=-jwu vA-v'¢ 
Subst/tuting 


(/-39) 


vA =-jwe'g (/-44-) gives 
ete (Hele Oy) P= Xe! 
e. viPp-wrue/D = AM, whith 1s (-4#7). 
13-Z The Laplacian in spherical coordinates from (A-36) Is 


(a J oy 

Then oe Be 2 oe (te oP) poe 
4 / ~)é@r 

se Oye we have 


Pea ho Gre em ))=& 2 af: rem") 

i igs 1G; a *or |r (ap ce 
pie rjc Page vl 

So 2 Toa 2 chs ityin 
vz ee Bea = a6 (c — )=0 eae 

Cb) Integrating (-5/) over a small volume uw 


Die Stade < ay Yl pdu=- pgagice) cre * 


And 6! 
“i ndus= Cc \\§ ot Ts oe dedddr 


1) € we OF sin 8 dadddr rg O 


iC 


ress 


Using the hee ence theorem ot iiss 
13) We dust ae PH despa ds 


-Bo(c at Pap aio tp 
er : 
= ec Ge et > eae 2 snOdOdp 


3 


Lob ccon's) 


M9 VT geemaresen —-Coysin@dedd =-C Fir 


ae i ees aa ye Pars £ Cg. 


Loom 


From (/-67) 
ad Be (Bila 
ae = AAT ead Bs hae eu . 
ENi ey jw (i+ jak TF je jw ees Ree 
nee J patie Hel 
re ju (HE ude Fweyers p ey 
Buz 


78 Pomueee 
45r jn (/ + Fee + “ TIE we 

i ea eC 
Feet als) call Ger Tc 
from which (/-70) follows Siaeihe 

Lae 


(o) (0) From Cr ea 
sr youl! -oxH 
From ae 
ae paz jeUr i =) 
TITS Za from a8), 


i 


[| 


ID oy, 


‘ lk 
a Taz. 2 sin?8) eet 
— 5777:E Par eyesore aac C 4 te 5a 
Lie 


me Taz Bee dliedoe ne o sin 8 


ory rie os Se Cae jer) <= 
DP wRaAz 
6 F- 


~ 


— 


Ben oO Cos @ 
eae ci rsge) Cin fer sin @ 
4 


l4KRa Ccoon't) 


beg a, TLAz Eel. 
VXH i ga 4) é) be Ger. 2 pe 
h cn 
25 uN , on eee 
Then 
a i & see - bf ih 
See VX ST J" ae € os 


5 2 aU wrue 
ed 8 mak Se "Ger 


5 ohe 


7, e which 


eu jer 1S 


A ee : 
tel he eee) tine Face Je = cos® (7-70) 
(b) 
5 E=E/N rtrd 


And (/-60) with ee 54).6) 
Peasy oe eA 7 <8r 
a oe = 5 (Fos 6- 6 s/n@) 


Now os -34) leads Zo d 


se r) 
vA = aH (rA)+o & (Ag 87 18) thay She 
= 142] cos 6 3 er Ee awl 
41 | 5e(Fe pee SAB 3o(1070)| 


f. mie 
— 142) cos8 eve sere vy fomlay 2.576 cost | 


F/T re re? sna 
Mit elas a ae 
Ta ete 26) (/ +3 @r) 
And from (A- i = a 
v(V-A )= fre +6 oo76 Sane 5 | ae 


none 
= -=ae r COs or aes 2 +30) 8S *Cini6e) 2298] 


a 


|.4.-2 b con't) | 7 | 
V(v-A)=- 242 JF cos 0 (je (ar E) re MCS -2f)) 


+6 a Oke naa 
= BB NTF osoue er bet) b00004 0) 
Sous atie r “vle-R) 
Ea=-jwul+ Waoeuy 
bo, oe e JET 


ee jus = Rages’ +9506 | 


Tau we | ee aerate’ + 28, 2) +6 sin0( re Ik 


S hae 
ra he jay EX i vals "Gen" 


Thus jer a 
- ova" INIC 
ae Gee ae I's 

a Co ae, a ye) oe (/-70) 


ee (sar ij + Gene oe 
[eee 3) 
(a) (a) The a Poynting vector I's 


LExe*=+(e,8:Ea ge ball Hp & - E-Hy 8) 
=2( 32) [ie re gn) "570 B-CiRN-see) = 5108 


—£ | we (Fer - ape = EEN ae OU ser) 008? 
where C/-69) and Ce were used. 


in) AGO a Hee ROSE OE 
-sintOFr — jaja] 76 eran yer] 


60s 8 sin OS 


VECO a. (con t) 
Then , > >* 1 (Laz) a Ni dng 
sie Seas = 2 (34?) ew al O-jgsrs)s/7 Oh 
+2( jr ma ers) cos s1n G é | 
(b) a 
bv = Re] Sfz2xA-d3] = {f Re(gexA")- 48 
sphere sphere 
Taking the real part of the answer in (a) 


v= (Fm) ewe ga 51078 F dS 


T bz \* Te eee A 
Ei =>) ews) J rane roid face sin de dg 
peed, 


lI 


re 


Lineage} a el ea 
z(az) ews) dp) sintade 
: to eee: 1 ee ee 2 
ee wor 4/3 


us 1T 
j,sin’ed0 i re (ase G FSl 30)d0 =Z)-3cosO+ sree 


ro) 


| Spl cays I | 4 
Se —3(- = t/ ee meek oe 8 Ae 


ee a ae LB ag OY, 4d ca PERS 
< 22) Cw 27 3 ot TEP EA ye 


<) The reason thaz ae eguals the power radiated 1's 
that the radiated power is present for a// values of 


r(distance from digole). For smea// values of r /t is 
accompanied by reactive power com onenZs as 
demonstrated in (a), but the rea/ part (radiated 
power) exeression is the same. In other words, the 
total radiated power 's independent of 


From (A-34) a 
VE = 5:(CE) tame 36 (Fe 108 tr sO 29 
s/nCe Eg i) From (/-70) : 


7 


14-4 ccon’t) 


Lous A gag / / er 


ASB ot 
oS a (ser Hacisy oe cos O 
Consider 
3A) = aoe jun cos OA ALCL je trate oNy 
(pela A 
ra 2 yn cs6 a leat rz Ge tan )Goler® 


== Az ae ee eG 
oe. hora 0038 | ears Sgr] <— (a) 


And : 
| a TAz. ev 
rs/n@ 236 CE, 3 178) = Bm e a7 eae She ae 2°" Gia’6) 
Se |] vu er 
yee z jw 2c0s0 (= hae em Meek co (b) 
The sum or (a) and (b) js zer0, *hus 
Vee Oe QED, 
foe oa 
Eghic ee) aak ave.ce! fxceyet Or" da’ 
Bi 
And (/-87) i's x3 
B= -jwwA+ 2A? 
Frrszx d 


——s 


VA =v-(-A; sel +A, cos@ F) 
EN LS Pay dAg trom 
Rae A -)+ ene aa sin@) eae a (A-34) 


= a A cos8 zs Sree reece 
ba 3 tos ak i jer 2'cos @ 
T= 5in@ 20 —4arr { rane* 2’) seg 
= cose \ pee ou C2605 Voy rcjpe ver ever 
) ae = ( 27 Wa ) 


Shee Ue GA, COS 
Lary. Se, 55 (578 Staves? dz’) 


L5-/ ccon't) 

The second Zerm may be neglected S/VICE Dy VITIES Aas 
Wz and the subseguent gradvent operation wy// lead to 
even Saster fall off with She ae dae 

pe vA < cos O Ween) oes mda! Get oy ent 
For the same reason we can fice a ee! 


Pe above. (Nope Sree Sh pers 
£6 oe er which Po < | if ér>>1) 


ae eoeG 1) oy 62 COSO ; 
V-A =-j@ C056 prae | reyev€ d2’=-j@ cos? A, 
From (A-33) 
—_ A Oo yn Vi o re 2 veg ee A 
mv-A )= Ree N Ose tP Esine og vr 
Je Wd ha es 1 € 2°COSO 
= ae (Ue Se Se flee’ FE tad 
ae ay ee Bue @2’COSO 
+@ re ee {raver OS: da’) ars 
: 7 = pr ‘ 
= ~3¢ 605 8) Teayeit PF yoy (-8e ON” BeBe 


eu 3 4 ee ie 
ANS pears 56 (C03 8 | Tee) ed OF ga/) B 
PAGOSA be. © ae j62'cas8 pa neglectin 
a J) ia free é et ig: a Y 
aa =6" 60s Oo Az ja terms 


Oa he Ziv) 
F=-jye A ree =e (-A; sin @ +A, cosh Ft) +~ _— zr 
= jw Az 5/06 6 - Az(jwe tei) cos8 Fr 
= jw A, sin @ O- A; cosA(jwu-s ae - 
= jwuA,si78@ which is (90). 

[=< 


See Section wi Sor solution ot the unitorm line source. 


For Jinear antennas D=L in (96) and (/-97) 
alle Ls Pigg iM 


ce ) Zz 
keel ie, 


/00 | O. 0002 » 


Lond 


—_————" 


The far Field region 


is for 

eee, 

> \.6A 

as 
A 


The boundaries 
are then 


thy Shree a 
{1 ( 
eee 
Oo Y\0 


\\ 

\ 

lo 
Sn 


(5-6 
| ee 505m moro s3 
So trom the graph of Prob, Lo =). xi = 46 apples and 


"sg =/6A = 16 C200) =490mM 


6 / 
ru. dN = sy" sin ded ae “de { "sino de = = 27[-cose],” 


= 2rf -€N)-()] = FT 


16-2 
(a) me (/-/4-0) 
AN | Fee, $)|"d.2= IS Pedr = ‘1 (cos” 8] sin @ dOdd 
ome) 


1/7, 
‘eena{ cose sin@de 


For n=| 


Ny= 4dr.’ "930 .3inB dO = arfesin*é], OF Aico} LIT 


SOT nae 
ol cos 70 $IT 
Sd 4 nf CaS Oo S/O OO> r= <2 ae aay 


For n=3 Mi, 
bg 41) 
2g = Fr} 60370 sinodo = 4nf- a * 
° 

So GES Ds 41/2 p 

rs Cb) 

2 ae, . 

ih ie 


_ 
—] 


ya 


(<)For n=0 the power pattern is P(e)=|cos°6)=1 , which 
is an isotropic fetes so the directivity /'s unity. 


To prove LAE age Sf) "| sin OdOdd = = 2rf-cosé],”= 27 (2) =4i7 
So D= 05 et fs = ea" json p< pattern 
B/ 


(6=5 /0 E 


Rien (1=14,0) 
a SIF, $))? d2 a 
at 36) | F@)| ies 6 Ae sey a sea) 180° 
= Zn: sinOd8 +0 0a" 0 pede {0.704 " "s/n ede f 


50" 
= ery Cos 30 +1) +0, 5(cos 60°-cos 120°) t0.707(/ +005 150°) § 


= 277 (0.2297) = 1437 a 
0) 8 Thar) eas Ses Ts ae | 
Pen | LHO2Z8) ~~ Ceo age 
At 6=90°, Srom (/-/4-4) \, | 


D(@<90%) = D-/Fl6=909) = 3.745.(0.5)'=_ 21% = ¥VasB 
16-4 


pe She to 3 4 a 
seal ne iba tte sharers tll: Heo Hf HPP. 
pone 


From Prob. |.6- -4 with Hi. = HE = VAs 


Dx Tg ae =. OS Sah eas using (/-155) 
CBA )* J 
Dig =/0 /og D 


6-6 


Nyp=\\IFe el d2 F(@) 
21. T+ 10\----- LO 
= JS" 2 sind dodg 
ote O. ype Te ane rae 
2 Eley IS 
— (Zr) [- cos |r ae ‘ 


Se Ge i on =2r(sind—s/nCa)) = F1 s/n d 


Die eeUs = 477 we = 
SLA 27 Spd, Wh Sti csc a | 


ie 


2 
17 ke are 
w= \ § [Fie g))"d2 = \ dg J | _ sin @ de 
0 Oh a O e, sees 
“pd 2 
= @d9 = e 
on CSC f LI ltom 2) J 
= $ LIn(tanZ)— In(tan a = $, CO —In(tan 2')) = 2, In (cot 2) 
4ir 47 
ee eis agp alae ix 51 da 
SL, b, In(cot 2 Ba epte that 6 In(csc 6, +cot 9, ) 
6-3 


From (/-153) 


= 4) 20) = = (55dB sre? 9 (1-15 4) 
Be (0-4) (20) = Ig weg | buns 


es vxF,=-j yu Ha-Mo (1) VX E,=juw Ho- My (3) 
vx, = Wel, tJe (2) vxh,=jweE +5, (4) 


Take Hye of (1) and Ese of (4) and subdzract 
Hp VXEQ- Eq: ox, =-Ju4 Hy He Hy Mo-jvé EE, -E,°T, 
ie = V-CE, XH, ) from (A-19) (5) 
Take E,- ot (2) and H,* of (3) and subzract 
E,- vx, - Ha Vx E, =jweE,- E, +E, J, tj Ay A, +Hy My 
=-v-(E,xHa) from (A-19) (6) 
Add (5) and (6) set e9, ait « 
v-(E.xHb- Rochas) — ee UR naan AE le ia i a Jy (7) 
ee war he sere Sees ee 
(b) Integrating (71) over a volume enclos11g both sources 
iif v:(E.xH,-E,xH,)-d3 = Bax Hy Exh)? by (4-23) 
= WE-3, +H, M,-H,-M,- EJ, \dv stom (7) (8) 


Vv 
LetZing the surtace § bounding volume v extend Zo 
infinity, the Fields at s are in the far field of the 
Sources, which are near the origin of a spherica/ 
coord/naze system. The _ sehericalclane) wave 
re/aZ4/ons are 4$rom (/-/Z6) 
Fon = #) Hoo Fga =-% Hea (9) 
Eebis 77 Hy b Eg,=-V Hob 
Re: 


/ 7-1 ccon't) 
So Fox H,-EyxHa= (Fe, 6 +E, $)X(HepO +Hon 9) , 
= (bane Epo) x(Hoa® +Head) 
a | Eee Hop - Eda Heb ey Ho. + Fos Hoa | i 
=7 [Hoa Hast Hea Hob - Hos Ha Her Hoa |* from (@) 
2zO over surtace Re 287) fiaity (/0) 
Using (10) 1n (8) 
WEY 3-By Maldy = [CHa My Fa Sy] dv 
V V 


But the LHS(RHS) only has a volume in a Volumé Va (V,) 
bounding the sources a(b), 50 


WSCE,-3.- Hy M. | dV (5 [ Ha’ Mee dv 


which 7s W-1594). QED LJuray 
A 2 a fest 
Choose source b fo be | ,- Sip) ede 


an idea/ dipole 


From (/-160) with Mg=O 
E 3 (Xp nee) P = SVE, * Je av? bik 


“A (he ‘ 
and P=ALr (Cidea/ dipole) ao se a Te Sm a a i, 
= > 2 y A nn d cs GBS § i é V 
Ear BQ aa NE palate Pe ier 


3 ) 


But E, is zero at Ja since the end on radiation froma 
Short dipole Ils Zero. d 


5 — A> L( p> 
So ae Ag =o Louce C Sur* 


fis an dea) Coy? whe 4 | 

om nN ams Stuv 

ts ae for any source oe mig g hee 
AV \n \ of 

sae ( et sTyit! / Layo ) 


And ay ha t,=0 


17-4 . 
The voltage eguations for the network 


ee ila tom ela ti). = (2225) La + 23 2h 
VO 25a, ot 2, Coot = 23.1e tia teat, 

Comparing to (/-164) and (/-/65), 

boys roe Pay = Zoe 23 

Bra tmi= 2 Zub= 22+23 

Z, oa ay eam bag — Pua 

Oe eae Zbb—Zm 

on 


So 


PS 


So 


Ter Vs E hiaels en (Ta+L,) 2, 
eae Z, Zz 
which gives Iyz,Fiz,=-L Z3 or 
ine tes 
2 . Z,+ Zs 
Buz 
re Re Vee 
i 9 _22 23 “i Z22.+2Z,22-¢+2Z722 
Zt aicaae 122 223 Sad) 
So 
T=) weston WALD | Vion 
B Zz, 22+ 222; 25 23 Z) C ; : ) 


Z 
ip ees 
i. ‘i Z,tZ3 
And - Vb _ Vo Gart2s) 
b> 2+ Z, 22 +22234+2/2Z3 
>o = oa ee with Sige 
2) Zo +Z, 2; Za 
Then 
Va. a - — 22427434225 
aE Vp =0 oe V4=0 Z3 


16 


i Ph, eee V, 3 yz = Tee 


17-6 ccon't) 
(b) For V4=O 
Va = OS Ser 2 Zab 


‘é Zbb 
(0 =Tetrath ey, > Taa-t a, 


* VA = amet 3 ° Zaa + Ty Zab 


Then V/ 
= oe Zaa + Zab 
bv! Vy=0 Za 
For Va=0 
Z, 
O= Ta Zoa+IpVab =7 Ip--Ta 5 
Moa aes, Sap vasa 5 
or Gal 
Vb A hese Zaa Zbb 
a V,=0 Zab 
Since yy. Vi 
T; V4 =O % Owe 
» Siena = 7 _ Zaa Zbb = = oe 
se + Zab ba 2, > | Zab=Zba= Zn 
Je: Yzo laly=zo Z3 
—_. Lie 
ae pasa 
a | CZ = 2 Ne 
ameter Zeb 2 (Z,4-2m)- Bl eeas 2m ) 
= z es 
bs = aera $Zaa— 2m )= Zyp+Zm-Zaa t+Zm 
det ze z 
re ene oo 2 whrth-ts-the answer sn Cb) 
pirle ) oC 3x08 0. AZ_ 2 2 
4 = SX/OF CRG RO Kite very ek gaa tt 


R,= VASE [Chr x0) (Zr x EXOT) _ 2.3757 x/0~* 


263: Ni eee erage 
a= Pipe ae gd = 635x073 
‘ Zz eka. So aint 


= 3/75 x/0-4 mM 


ey 


Pec conser) 
(a) For a HNETORNO RGUGEEOL i! 
55) -3 Us// 
R= gon ( 42)" 20 12 (3.33x/0-*)*=38.77x0 AN i 
Rohm =oey R, = See age ee on a 
; eth Areas reas DEAS Lee eo, 
EX § 
es Bris ae eee cae Boney 
Ret Romie 8.77/03 42.3.8 X/0 


(b) For a triangular current 
Re = cO re Soa ZO neCES3 OH) = ZEIT 


Az fs 21 Ry Cunitorm) = 4 (0.0238) = 7.933x/0 22 


— 


Rie ra 2a So cs 
Z USI G (/-/92) 
-3 
r 2.189 X/0 =OrZ/e = 2/6 


—_ 
—— 


Cita 
r*Rommre  — -2,/89K/03 +7.933X/0F 
[8-2 : 
a saa =iplm L=assssm Q= 2 aie 
Bs an) az s 
K,= Jee 47X/0 4x0? 2rXe7Xl0® — £945 x/0 32 
e508 - 
Ripsge eee Re sigs 1.745-X10-7 
—_—- = meer par ES TTDI —_———"— — ° 
‘ LTE GO ie 277 (3.175 X/0 ”) Ss 0.168 Se 
Re 70 
eG Seip ee ee eal - _=— 4) ro} 
Roe Rare ae On Oe 919.77 Zo 
IEG) ys 
LG) =a, jas C2 2 


(a) (ay Uniform currenz 


elm Az y R, 
Brie 270 Ke £)T a] dz= 77a 2 pi ealh 

meee ae 

se ceegenn teil ie 

ORs = 

K sfare = pe Tome pa eae (1-184) 
[Se eae 
eis ja/é ce 


(b) Triangular CUrECN ca (ioe) — lies (— 
bb Bee ale oe Lin)” 250% ¢, _ 23)? bi 
ot cee 


ae) 22 a%/. 
ae 27 | dz= Bae De = t /a2)2 3 xiii) 


Ae, 
a Pee stig 
d=) ) eee 


me) 


18-3 Ccon'2) 
ah p Dies Find) | Jt Py ey Fd 
Oe ie a Ae ths Oe =J5-i}+ 


Phe =e IDe S24 he ey oma yay 
onmi'c 20 in G a ohmic / Fn)? re % oe tas (/—/92) 


4-| 
(0) Fora linear wave AR=© and from (/-/77) 
€E= cot (AR) =coz!(00) =0 


From (/-202) d= tan-! (tanks ) tan-'(0) =O 


Beira crecoler polarization IARI=| and s/qn(AR)=-| 
Sor right hand sense. So AR=-| 


a 


Then Si coz'(-/) Soe Notes 
R -)/ tan Zé -90° 5 
dng OO EERE) = Hom CEE) = tan) = 40° 
n 


Sieee cos ~! (cos LE COS Lr) (/-Zo/ ) 
=tcos-!(cosl- 90%) cosZr) = 5 cos ~(o) = 22 bo Re 
Fi 7-196) €, 
are! 12 as tan ¥ = tan 45° =] 
/ 
Ie ie d=-90° 
(2) Similar to the previous solv tion, for Jef2 crreular 
AR=#! SO E€=+¢+45° and d=+90° 
And st/// y¥=45° and E:/E =! 
im le =£, d=+9? 
Cd) For eMigtical wi th Shep 
S#tI? J #O% or 180” 
Ce) For ellipl' cak with d= 96° 
EtG . z 
1.9-2 From (/-199), the phasor E field is E=k,xX+Re’y 
(a) Linear : Pak x ih 3 


b)RHer: Fab h+ Bel 9 = Eve) 


14 


L9- Loon) Dp 

(Cc) LHCP: E= E24 E,e0" 9 = E B+i9) 

Cd) Elliptical with EB eee ae E,(%+ eiF}) 

(é,) Elliptical with Jd=90°: fs Ee} EY 

19-3 Using (/-199) 
EU ree Se ne ee Bel Ge Cpr eo oe ee 


E, VET 
a 
Thus = =VE+E2 (cosy xX + s/n over j) which is C/-200), 


O05! 

From (/-Z14) We Aema Ole DE) = Veer 
Fe ay / z 

Onan Meas) a aiaie A. oe eng (/-2) 


°° Ng = MNo./1qX* = I/o.1I = 8.40 steradians 
ze af [8Q.dequees. 7 yy & 
oe 


ee Gey) D= oF Ae, Ole Une eraes Zz D 


™ Ogi 2s re oe 20 =/,64¢ and 
_ 464 | 
VASES = Air ca O). 1/31 X 
) Ope 
ha 3x0" = 7 564x/10% m e= 6.30 m 


1.7 x/o7 
From ee 


fe mE _ St Ne DAD = 50.8 dB] 
C= ate = (2,564 x/0 oe e aj 


ZO 


LI0O-+ d=l22m =0.0I5m @ £OGH2z 
The physica/ tS ture area /s 

Ap = 407% = 4/22)" =L/69 m* 
The He hope eee I's 

Ae = 0.55 Np =O. 551169) = 0.643 m* 
The gain is, from Ae ts, 


EP uall | 
G x2 Ae = fr 0643 = Sey, is7 = — 45.5518 


[10-5 : 
From (/- 2/3) is aE Hea or Aen = £2 
Bul Es 4-7 Un 
d oe 
an 2 
Um = 2-55" nh and Gee Tap 
So 
dew? Be EB OB writin 
é s/ar Aes £4 1 a ie Gy 
az ail 8/00. where fp =khiyse5OR s:nce lossless 
TI(SE | LS. 
= DE: x| 
10-6 GG, »” 
| fe Re eee hes (/-Z23) 
/O 104 10 = /0 log eats, /og G_+/0 log G, +£0 log A - 20109 (4:1) <0 log r 
Ba) - P.(dBW)+ G_(d8)+G, (dB) +20 jog SA Ia ANG 


F(MH 
320 /0q (47) -Z0 /og (rékm) X10 aye 


 8W) + GCd8) + G8) 20 /og F(MHe) — —£0/og ¥ (km) 
+ £0 log 3x/0*-20 Jog #ir +20 Jog 107 
F-G6W) +G. (dB) +G, 8) - 20 fog (km) 
es -20 log $(MH2) - 32.44 
Fe dBm) = F-(dBm)+G, 48) +6 (d8)-20 /og c(xm) 
-20 /og pial o ex 32 44 which 1s (/- 224), 


ma 


(\ 


LIO-7 Working from (/-224) 


P. (dm) = P dBm) + G. (48) +6, (dB) -20 /og F(MHz) 
—ZO og{ £609 ken rimiles)| -32.44 
ce Oa a el a 


ZO /og 1 609- £0 /oq rim les) —32.4-4- 


P- (dBm) + G (dB) + Ge (dB) -Z0 log £(H2) 
Ao /og ae 36.57 
|./O-8 
In Exampke |-2 B=KW, G.= 37d6 = 50/7, G, = 75. 8d6 = 39 011. 
A= 0.0/5 m @40GHe = 36,941,03/m 
Then (/-2 23 4 a ves 


eS (501.9. )(3 8,019) (0.0/5) * 
hie bs eis = 2 (4717 3.6 9B/03/x/0")® 3:98 x/0 7 w| 
10-9 P.(d8m) = /0 log Z00 = £3 
G- =/7s a0 Gp= S04dB  S2/,/76H2-~r=136,941 
From (/-224) 


P, (d8m) = P.(d6m) + G, (dB) + Ge (dB) -20 log rikm) -20 log $(mH2) 


3244 
= 23 + 19.3 + 50,4 -20/04(36,941)-2£0 fog (1./7X104)- ~3244 
= a foes eae - i 
Pas —i42:45 daw. | Po= 1/0 gone ee 


|,/0-/0 
P.(d6w)=/3 G,(6)=/0 G,(dB)=3 F-ONH: 
r=50km 

From (/-224) 
(dBW) = Pr (dBW) + G C8) + Cg (d8)~ 20 log rlkm)-20 log F(mte) 


— 3244 
= /3 +/0+3- 20/0450 -20 fog 150 — 32.44 


=- 83.94 dBW P= jo? *7* = 4036x107 w| 


Lh alia 
(ay) 50km of RE-8 


expe = eae. 50x/0°m = 5000 JB | 


Me 


/10-// ccon'z) 
(b) Radio system of Prob. / /0-/O 
Net gain = F, déw) —-2. dBW) =-83.94 -/3 = -96.94dB 


Net Joss = 96.94 db 


() Yes, repeaters would be necessary Sor the cable system. 
G) For a 500m path 


Leable = 2f98x500m = s0dB| 
Lradio = —[G,.(48) + Ge (88) - 20 log r(krn)-Z0 log $(o4He)-32.44 
= -|/0+3 - 20 log 0.5 -20 log 150-3244] = 56.9446 


() £=300MHe , r=s00m ,a= 0/4 %, 
Leable = 0.14 $8 x 500m = 7048} 


L radio = —[/0+3 -20/og 0.5-20/0g 300-3244] = 62.9% 48 | 
(§) Fiber optic cable with a= / dB/km 


eee gts j 2% x JO km = 50 6} 
bg jen Awe x OSkm 0, 48 | 


(9) 
SOkm |! F00mM s00m 
Cable (RG-8) | 5000d8 , J0dB 70 JB 
Radio 1.9448 | 56.9448 62.96 db 
iC te 
; 4 gee Ors) 
; (Farr) 


EIRP = Pe G (1-226) 
ey lee (/- 222) 


So 2 
Pp=exep heeX —| eErep Hee 
an errz reviews 


or 


Fe (dBm) = EIRPCdbm) +/0 log Age im?) -/0 log (41?) 
23 


110-13 Radar: q=0.85* ; \=0.03mM@ /OGH2 
r=/000m ; F.=/000W ; G,ldb)=GgB)=£0 , Gr =Gp=/00 


From (/-233) 
z z 2 
P, = Pp x GaGr 5 =/0° (0.03) (700) 0-85 _ 3. G55 x0 Ww 
CA ae (4-1)? (1000) 


LI pp 2 /00kW Gua =e GeO" een) exces 


From (/-226) 
EIRP= 2G, =W00kW)U/. 585) = 158.5 kW] 


Lif-l 
Ae Ris ae 
pe Z Pnerdent m 
From (/-/4-%) 4 
P= G19) Ue ) —_ 6 oe ees 


a U ce, >) = 7 GC (Q9) 2 Pencident 


Ina givem direcZion (8,9) 


UCVSWR) _ — g Cvswie) js the radiahm pie re/— 
U (vswe=t) BOE =!) ative to that when gerfectly 
matched (vswk=l), 


glVsWR) s/nce g(Vswit=al)= | 


| 


eae 4 
Vswe #1 
Then U(vs wi) Relative change in dB 
VeWE . canemeeial /0 log @, 
/ y O dB 

Ee) O.G9VIIDSL —0.000// 

Lage OntD [ira or —0O.03604- 

Ge) AES See —O. SWS 
OKO 0. 323056 — 4,807€2 


(ai 


EF2 | 
For a 2d6 axial ratio AR| = 10°? = pf CRT 
Since the sense is right hand, srgn (AR)=~l. So 
Ak = -1.259 
From (/-/97) 
€=cot! (AR) = cof" 1259) = -38.46° 

From (/-20/) and (/-702Z) 

Ya scos! Cos Ze coskr)=4 cos ‘Ifcos(z (-39.46°))cos(909)|= 45° 

B= don! ( 127 eA tani] ton (2(-38.46))] _ _9¢.4z° 

sind ee one) 

Now (/-2#9) can be used to obtain tha complex uni? vector 


E= cosy + sin y ei°9 « = costar SALES eiatt y 
= 0.707 red 9) 
WO 
(a) ae ia linear 
b 58 


A t A A =), igi? 9Z° 
p=|he-é]=[k-0.707(k& re? y)| = 0.707)" = 0.57 | 
(b) Vertical /inear 
BRAY A ~j 76.92% \\% $76: 14°] & 
Peet 707 (x +e © 2)! = ]0.707 e9 / = 0.5] 
(c) Right hand circular 
he = 2-707 68) 9) see Prob. ).9-Z 
A ee Tey Phe = 
P= [0.707 (x+j$)-0.707 (x+e y) 
= 0.25 /j+rj€ Ae Soe = 0.25 [pin 7b.92°)* pcos * 76, 92°) 
= 0.25 [3.948] / = 0-987] 
(d) Left hand csrcular 
hex 0-707 (Kk +j¥) 
ILD ee 
p= |0.707 (4-5 9)-0.707( Re" is 


yal 25 [¢/- sin ve Pecos 76. 92° = 1D 01297 | 


Ade 


| [1-3 Ccon'z) 
Ce) Right hand elliptical with ARdB=Z and r= 45° 
ha e707 (ee Ut gee ee nee oes 
p= 10.707 (K ret” '9).0.707 (8 ed yg) |" 
= O25 / fe) oe 4 
(f) Left eMiptical with ARUB6)=Z and F=/3S°?. 
In a fashion similar to that used fo solve Prob.///-Z 
Pal al ase) P46) o/ and €=+r Sepuee 
Then 5% 
etcos '[c0s(2(39,469) cos (20/35) | = 45 


d= t =f; tam oe -| +am Bie ° 
a Eee 7/ 750 spe | =] J = 103.08 


Thus x A ‘/03.08° 
he HO. 107 OX +e gy | 
Alnd a 1103-08? Agen CATT Cea 
p= 10.107 (K+eé eB) 0-701 Rt C2 a), 
PE ee = bye af? o| 
[j= 


Taking /0 log on boLh svdes us 
Za LZ &é 4. 
Ses ry s 2S Vin, ems Z =) 

gives R- C 


A069, Eee 20 log +(Hz) -/0 log G + ZO Jog Vin,ems 
—/0 log R, +/0 /og Lee 


| 


£0 loo | $(MH2) x/0*]- GB) ¢ 20 Log Vin, rms 
-/0 log R, -/0 log (397-41) (3x/08)*) 
£0 log $(MHz) — GCd8) +20 104 Vig ems —/0/04 Re -128 
hich is C/-26/ 
[J-5 lw 2 lle, ) 


Receiving antenna : /nea rly polar/zed, Zn =300tj 02, R_= 3001, G14 
Rie Zum SOOur Receiver snpot: 200uVcpeak) 


(4) 2. SROERy a, or tS 002400 t Kaineseuee Kolin =O 


Fes) 


LH-Sccon't) 
SE a OR Sa ia Toke 1 
Rin Re + Rohmve 300 


And (3=!/ Sica pwanttennacand lk arelmadtched 


(6) 
From (/-254) paO.S a eee polarized transm/ Her: 
Modif yin (1-263) tor peak ies. a eae olari zation 
4 5 K 
loss as in (/-255) gives Kv > Gop ES Viger. a 
Epeak Cd Bu Vim) = 20 log Fete oe ise y ype Leu Nef is Ce 
—/0 log p - 37 
nny BO /og (700) -10/og (/.64-) +Z0/0q (200) -10 oq (0.5) -37.6 Nope le 


Minimum Ffireld minimum voltage — qulew 


= 40-215 + 46.02 +3.01-37.6 = 49.22 dBuV/m Py = ObX2 


E peak (mrnimum ) = JO Kee ar Pavan rae Tae hl 


y hx! y 
Lf tig NE 
—< y Paaee 2 yy, 
me x fx 
h 


Incoming me 
wave with E 


Fer the antenna 
aS A 5 
h = [hl X’ +|hy,| € y’ 
and jn the Xy-system i 


h= bhpe} 4 +}hy| e? “ewe hs y-component now 
lags x-componenz by JS 
since X-axis \s reversed, 


ate relative to 


x y—-Sys Fem. 


iH} 


ra 


CHAR Ee hae 


rahe b2 
pe ei 42 cos @) eae ae Z a 
Ge = ae 2? cos 8 r+ 2 cos @ , eli 
se 
set v4 e 6 mye ‘cos mG SF cosee 2 ar: 
476," a eee 
where rz $7 -os@) “~~ rt was used s/yCe r>7Az 


‘ 
=z & eos |r sin( 2*cos @) peor o* tos ® 2 cos (64? <os®) | 


Aes eit: Yar Seneai 2 30 
WEo 
using eae = 4282 << | s17ce ANP7L2Z, 
ae r+/) Az cos@ 
417 E, rae Oe ) 
But T=jwg RY ae Ae 
EHC iH 
Ute iteug Laz C/+ 67) COS OC 
EY We ONCE 
Now E=-jwud-ve (/-39) 
aoe A= Taz evs (/-60) 
A477 5; er 
oe a€ Taree” _ Taz 1 2 (er 9 
ee A, — Bia pre oles £3 (& ak 
-\6r e 
a EA cos Of wtue, € ev! pss aA ge shal jee) ] 
erica ne 
Taze 2 2 pJkee 4 ee Toa oo rc0s8 (| la 
S22 e= cosoletris = PSA mi ae Tr jwWéo = tee 
Bs Wa NE Saas ! as in (/-70), 
217 (Jer * Ger ne 
And 


ni 
be = wile --— gO ahs sin@)- ae < 2 Gjern) n2(-s08) 


1GDZ ee Le we 
Nines “dr * SWAT BGerrle ad 


Z 8 


Z2./—-! (con't) 
& a 22 : 


Jyé A eut! 
jaa) 4 La SA Panay OIE, Va re CECI a “be cpr er aE 
JY Eo) Ye i ae r 


wy ie 
a. jer tae | SE = ‘08 a5 dts Che £0) 


Kea -Z T= 2.5, sinfe(Z-/z/)] 
From (/-kO) 
v-J=-)? 
0 : 
"e =a Wwe oe 3.530102 *r2l)| 


Le 
CASE 
=f, cos[e(F ie] BCEV= FI, cos [e(2-21)] SF 


= BET. jar cos le (42-20) 


ald 
in a pacalle/ plate capaci ‘for 
C= = Azarea of plates d= plate separation 


A his Case 
C= omar) 
Az 
e+ 
(a) Ar=0.0!IA Az =0.0ZA 


z -/Z 
pre e. WAT ras Ri” 7-00: Ola)” -/3 
eee ac Meine alee Face CMC en 


x = ne = hatin. = ei eae =e 3,817 ohms} 
> (4ac Pre Zr 3x1o*® 1,39 x/0F : : 
(b) From C/-190) 


Ke oO raig2) os 80 72( 0.02)" = 2.3/6 ohm| 


ce BES) aid CeO Tt 
Current on a) Ss t= 79,447 
a half-wave Siete ort 3 
dipole, Se SE DSS Pe t= aye 
5 matey gee 2 a 


L.L-2 


ss ae 
From (2-9) f(g) = AOS GZ cos@) 


Ws 577726 

Cae Umar sll 

Like 

See Fig. yal yay 

L.2-4 

Sit eo ia De £ 

(a) ee = oy J; £1t@l*dz (/-190) 
For the half-wave dipole ie 

a L@j= iy sa) e eq ee 


ie (20@)/"de = 3 Dn ae 4 sinrfe(A-a)]de 


~ =a li af -cos(Ze(4-2) [dz 
Begs ee 


Ba 


Af -sintl 
a Bk A cone oe A O-sIn pyilted 
op Les 262 | — tm 2 at Z@% jJ=z2 
Thus 
P Ay Rs Lars ico 
ohmic cs 277A 3 Z vA + 
Q - oho = Pxlaee a kee a 
ohmic 4 eae 2 fiers Zara 4 
(b) which is half the value st would be for uniform current 
because Q Rs \ 
RewerrcCuniwim) © Sek hee from (/-124) 
(a, eee 


s “i 
$=/0 "Ha, MS Me= 477 K/0 "hoo e 3,.5X/07 mho/,, Zaz 6.25 %/0 -m 
From (/-185) 


3 7 -3 
R. = fora _ far /0® 47x07 _ 3585 X/0 b 
= zr ZAC Ss 6 3 Ae 


From Prob. 2,2-4a a 
Sin izey e 3.3585 X10 3 Dice ohm 


ais S = ae) 
— —— = 99 As 
= R + Kohmec SO MaCs (Z6 77 82 


a 


eo =| Ss 
r-components of Ee 


E-=G COs.G, 
= C105 C, = =.Gicose, 


where the minus Sign arises 


because of the of fos/re/, 
directed digo/e. f Se 


We see that the tangential 
components of E&,, and E;-z 
cance/ 


@-components of & 2 
ey — sR 8B 
ae =-Dsin 8, =-Ds.n 


and the projections ot 
Eo, and Ey2 onto the 
plane PP’ cance/. 


fours 


4 
(a) l 


fe 


This eguivalence (above the 


Pp ES p! 


patterns wi// be the same above the ground plane : 


z 


3 | 


az F(6} 


ground plane) shows that the 


25-2 Coan'2 


Cb) From (2-22) Dmono = 2 Dy,g0le 


O 
& mono =£ Pd dipole =Z£(/, 64) = Seis | 
(c) From (2-19) 


Zin, mono = 


I 
Z Zin , dipole 


So 
Zin, $ mono = 2 Zn, A dipole =F (73 tj 42-5) = 36.5 +j2/,05 oh 
£.4 -| 
Bon: 93) 1s 
R=Tre fr. tae 
Also $rom (A-4) 


“A A 
= sinGcosd x +sin@sing y + C0oSA2 


For R, 

r= dae Qa 

v, Wimoive , 

R,=c-r -£9) 

=" ee Zsmosn¢ 

For R3 

—/ 

ae a 8 g 

Re = 0S (tg) = r- 35/08 sing 
For R 

058 & 

2) hae 

R,=r-F-(£2) =r-2 sine cos d 
For R 

Soe 

47 Zz 2 

Ry = ee (Seu) = ees iG cos 
Z.4-Z2 
Substi ro” na) (Aa ae | 

Zz 5o~ 2 Up ee ‘ 2) 
aye 7 6 5 a. Le =-@ S = SS 
into 

P= 


5 Re [Eo Het ey apAY Extn yaeles dad¢ G20 


Se 


-_ Ccon't) ete ve 
=} igh aE ae (-!) Re {f(-€ <= svn to r *s/n@ dOdg 


cs ‘Z 
= ed Sell 4 sn'bae a i = an 1 _ 120 a*sI) 


Zz 
rb 7/8 ar 3 eer 


4/3 eu 
= lo(e*S I) Lob GIT | TSE RSS. 


Bemic a ape aS aay “oar § (2-60) 


a ee R; ja + e § Ne as leans and eric 


— aes Ke tyke = Ail ch ap which js (2-61). 


300 m @|Mie—b=0-2m = d= 8IZ 0" mM 
S=7b = 17(0.2)7 = 0.12666 m* 


From (2-57) awit Dae 
S Z “tk 
R= 31,200(2) = 3/, 200 (2 Soa ) = 6:G82 AKO ohm 
From (2-63) ) 
eZ 4m 290k0-2 = 
Reem > 4 Rs = epee gt ba2X/0.. = 0,129) ahem 


since gx fae = fen’ ard” = 2652x0°* ohm 
So 2A 
Thus : 
Re 6.082 X/0 <9 - 
— —— ee = 4690 = $.69X/0 7 
: RetRepmre  6.082X107F + 0.1297 fo 


et -5> 
TS 0.2m. d= Bile x10 a aa 
From (2-65) 


b= bul In (4b)-175] = (02) 4ra00) [In (Axes )-.75] 


= 164 x/0°& = 64 2H Hy | 


SS 


L.4-6 
A=300m @IMH2z b=O/5m d=0.003m 
From (2-57) B22 ‘ | 
IT ge ye ee " 
Re = 31,200 (4) = 31200] TCO 18) | = 1.9246 X/0* ohm 
From (2-65) od 
= 16b 
Xin =wl = whe) In(#?)-175] 
= 27 x/0° (0.15) ¢irx/o! [In(# Ey Sy) 75 |= 5.844 ohm 


nae 
iL ules OF: [1/0 47x07’ 
ae, ve 
oer, 2.63/7 x/0 " ohm 


je from so 63) 


ZCOMS. ws 
Rolearc = < Ke = 0,003 2 26317 X/0 ee O. 026 32 ohm 
Thus mindy 
Zin Re+ Kohmre i tite =O OF Cee + 55-844 ohms | 
Rin 
an8 R Vee KOR. Sram 
c 4 O i 
Rin ©.02632 7- 70 
2.4--7 


A=300m@IMH2 L=£Ocem bslem n=k2 dy = 3% 


From (2-54) 
Re = 31,200fn pore 5 } = 31,200[ 22.39. OIE a) =166x0" a 


Eh NSS 
eS za ai Ptaihnsee Soa) ze 
A=/0m@ 30MH2 , S= (Im) = )m? Ae = 0.01A ,d2G0mm 


(Q) From (2-57) 2\2 | 
R. = 31,200(%)* = 31200 (2914 = 3./Z ohms] 


(b) From (2-64) 
L= 4/9, coshi ae wa Pe = pa [28 co te ee 


= 8x01) cosh” ee. = 3,69X/0 ‘6 


Xen Sw Sir sesoe 3 6 kixron hs ohms 
Ce = Ae 


Op. = [mF ue — co 6x07 


} 
ee 3S XO? i : ; 
ca ‘ I 


ne 


CHAPTER 3 


(a) cance/ 


-| 
tir lA are > cance! 
$$ > 


cance| 


cancel 


The waves add (perfectly) 
when the path difference 
is tA/z, which compensates 


for the /80% current phase \| /7 
difference : 
Bade aN 
Acos@ = + “ eas 
GON © s4—2 


' ple 
an 


a ay e. US 
(b) i Uy, | 


d 
AF= Bier det oe, / eae ee 


= 2; 5:n(@2c05 8) = 25 s1n(71 C058) since d= 
Fc) 
/= [sin Ct cos®m) | => 


hs, Ae e IS 


: \ / 
4 l4ce)] = | AF ce] [25 sin(rcos® )] 


9 a SiN (TT C058) 
/AECOm)| = (25 54N Cr cos Gm) | [S/N MF Co I 
(e 


sith @dctos O POR SZ COST since d=A & &=/80° 
Then (3-20) is 

Ob) cost Ly cos(1 cosO+ Z ) a SS SNAE-COSD) 
 [$0e)| = |sin(ircose)) Netez 9 @ 


190° 6° 


0° 180° 
SS: 


omd in @(e@) 


lfcy)| ={1cos(Pez)\ 
ad 


(Note: alsa 
Could use 
d= i) 


ei Se 


Fe= cos S for a broadside aC Gay me +wo isotrogrc elements 


with Y= @d Bee 


oat -¢d ~~ dP since 
iS rps ededb = -{ av) ee eas at alan 
é ee d 
=r (en) 3 (l+cosP) dP = FZ Lersinv] 
aa [26d +Zsmed | = a ra) 
J5.1-6 ey 3 
Bligh’ ‘ot y 
es a 
D= ye sim d © / 
g S 
O 
O A ra 
Spacin d 
pre | ae 
Using 5-55) 
ne a / va 
BS NENT) ke Fee EY 
Nsin(F- 2) N sin(z) 
= sin N= cos (N£)-cos NESiNNE 
N cos z 
a fe sinne Aurots MN even 
sin ne COs vE/N COS 5 N odd 
Simil 
. " CosN¥ SIN NE/N cos = Neven 
SiINNE COS Nes / N cos 2 N odd 


oo [$(m-4)|=|£cr+a)] => [Fcv)) symmetric aboot f=. 
| 37 


pea 


ey). SAGER owh ACs sae) 
“2sin Zz 
= Zsnl%)cos( Vz) 
Tg, ( Y/z ) 
ko) ig, 
($c) ca 
Yew rege =- 


At first null 


ie | ae ee 
Tov iesg = Cd C08 Gy HA = ¢@d(C05 @,, ape —|) Le AE 
2 Lip TL 
[-¢os EN) Ned N Bid Ad : 
ee, Cs (= Ceiaté ) a GEN sate 
ss 2 
eo WN eee Ko f(A es eee 
EN etd gin ZN Nyala Sauce San cag 
J. 2-4 
At the half- power points 
ae ST wv 
LO, 0) <= or! = ) 
N sin (x Yue) 
For ie /0 


fOMe Sh. 
sin(S Yip) = ie sin( dt ) 
Solving by teia| and error aap =1/,39754 
Yue = £ 0.088995 7 =40.279523 = @dcosOy,p (d=0) 


- 0.0889 75S 77 
O. = cosa rv ee 
HP rE: 2718 /» 


PHP sat = /—0.044-4.8754 
ray A 

Our ies, = / 40.0444 875 R 
ota 


=| 
] =COS** (dz: 00444895) = /70,04448754 


x= 4+ cvon's) 
HP= 
|Our ight ~ OnPrecy | = 2 (0:04448754) = 0.088975 4 
= o.88995 o, for N=/O 
i K 
or N=ZO 
BO04GEeR =O. / 2915 | | | by rial /azeverror 
B cicos {+ OOCT OTT | 1, “1k 00443 
HP Zrd/y ] sid [+ 2084340 
H fps 2 GOOF Sie | 
(SOT D) = 0.040344 = 0.9969 A) (v=20) 
/O iS: As N increases K converges 
20 0.88 toward 0.886 as in (3-45) 


HA 


Bice) 


N= 5s 
a i pein ake : y 


4 r 217 31 x 


Sao) 


SAT ie a7 ee Se 


we ee 
a 
@d = 277 | 
A=O 
[—~ Yn 


Ca) 
3 i 
ed= ir NVA 
O 
Z : i 
ed= Tia WV aint He 
a SY é = —0,/07 7h = —|27- 2885 
rs. 
ics z ae 
ed= a7 Ww aaa 
fo NaS Series 


£O 


32-6 ARRFAC and a penand ink plzz versy 
were used to Bees ese oyaes. ra Ca eoe ee 


Sy, 


(a) N=5, d=%% , O%=90° (b) N=5,d=A , O,=90° 


iy 


©) N=5, d=Z2,G=90° 


(d) NZS, d =z , 245° 


(4) THE NUMBEK GF ELEMENTS=N= 5 
THE SPAC INGS=D= 0.5000 WAVELENGTHS | ° 
THE DESIKED MAIN BEAM MAXIMUM DIRECTION=THETAU= 45-0000 LEGKEES 
THE REGUIKED PHASE SHIFT BETWEEN ELEMENTS=ALPHA= -L27-e2792 DEGREES 
e 
ie Ree 
d=%% 
6,2.0° 
(@) THE NUMBER OF ELEMENT S=N= 5 
THE SPAC INGS=D= ©5000 WAVELENGTHS i. Cy ats ts 
THE LESTREL MAIN BEAM MAXIMUM DIRECT IUN=THETAO= 0.0. DEGREES _ 
THE REQUIKED PHASE SHIFT BETWEEN ELEMENTS=ALPHA= -18U.0000 DEGREES 


Sirah 


Beat oes 
Beamwidth ua Ned 
So we make gd as 
large as Pp ssible 
for smoa// beamwidth. 


@.) 
d=-@d cos O,=0 


ed = /.677 
L167 
=- ——— =0,% 
d Zr) 0. 8d 
Cb) 


Visible regio 

d-ed<P<dt+ed 

- 6d c0s@,-ed< P 
<-¢dcos Op + 6d 
A=- 6d cos i = for 6,= ¢5 ° 


a-¢d=-/677 to come up to lef z grating lobe 


Saiving d= - $5 and A-@d=-/ 67 

& _¢d 
6d=04393n id = Otel eee = -0.66377] 
5.2-8 


First note that d=035” 
satisfies (3-47) 
Zed=Z 27935) =1417 y 
air 
‘eee es 
$ kr = hie = 18 ir 


Now 
A= —¢d cos & =—$79,35» cos 180° 


[a= 0.71 La 2 ed 
= fC saneGerd 


Comparina to Fia. 3-14 we see, as claimed, the increased 
directivity pattern has a narrower main beam and 


higher svde /obes, 


42 


From (2- T 
9) (8) = cop Gs “05,0? 


3 


From (3-6) the array factor tor a two element  ha/f- 
wavelength spaced, egually exc/ted array 


£(@) = cos(£ cos @) 


sin@ 


Thus 
Fie) =gats) ce) = cost (Z cosé) 
sin@ 


cos(Zcos Q) 


a0) Fem 6 £9) = cos(£cos 8) Fe) 
+ | ~ . | 
(Fig, 2-5b) (Fig. 3-3b) 
—$+ r--—- —> ro —>z 


From (2-9) > 


9 (8) = cos (¥cos@) 
a 


sin @ 
From (3-13) the array factor fora two element one-wavelength 
spaced) egua/ly ESSE array 
$(e) = Cos (7 cos @) 


T 
°F (e) = gale) $0) = LOE? 04 507 cos) 
S772 


+ 


3.3-2 ccon't) 


=e  >2 wt 
Ao x £ = laa 
( Fig. 2-5 b) (F'9.3-6¢) 
3.3-3 \? 
From (3-69) the Alz-dipole 
pattern for this geometry 1S | 
40(0,6) = £038 308 cos 9) 
V/-s/N*G 6057p | 
From (3-13) the aay, factor i's <—_—_—_ ) ——---> 


Sco) = Cos(Tceos @) 


Thus cos(£s/n@Ocos ¢) 
F166) = Jo(&) $(@) = De SSCS COSC COs @) 
V/~sin2 6 cos*¢ | 


9(9, p=0°) x £6) = F(a,¢=0°) 
; . n” 
Zz >z >2 
(Fig. 2-5b) (Fig. 3-6¢) 


44 


O- &- 


Ja (8) > =40°) 


$(@) F(O,6=909 
5-4 4x <d-> 
(a) 
Bmore (S-5h) for a Hansen-Wood yard array | | | 
os 
30-$)=30-$)=4 VITITTULAT AT Tia 
The speciticatim of d=0.3d satisfies this. N=3 d=0.32 


Then from (3-449) ; 
dat(gdt 2) = 4(S0.3r+7) =+(O6r 40.337) = 0.931] iy 


(b) ISc¥) | N=3 
er * 
$(8) 
<d= >< 6d > 
(c) 0.9317 =0.61T 
From (3-69) cos(£ s/n cos ¢) 
(5p? REP above ground plane 
Ga(O,¢) = 1-510? 8 cos? 9 
O below ground plane 


From (3-17) and resu/ts of ca) 
Y= edcos & + ane Cen cos ett 0.9377 
From (3-33) cry = 3/00 wr) 
N srr % 


So 
F (0b) = 44(@¢) $¢6) = cos ($2/7808#) sin [0.4ncosO+1.3095 7) 
SCRE ot ba J-s/n?@cos*p 3 sin[0.3rcos® +0,4665 77] 
above the ground plane. 


aD 


Ga (@) x = FC?) 


ap, Ep) 
y y 


v 
3.375 By method of images a element can be Se by 
aeeeael wig! 
4) iH I ae 7 1 §<¥)=co5 (Ecos?) 
d/4. its 
<—}—> image 
iia aaa ea giving “pg EE 
—> 
I 
te 2 | 
4 1 ] 
which has the Fol/owing xz-plame pattern ge! 
array factor 
element 
pattern 


SIND 


cos (Lcos¥ 
(Fr9.3-3) 


+6 


e575 Ccon’Z) 
and the yz-plane pattern js ssotropic, 


Now arraying the right and lefz array half ; 


OX 
<—__—_—_ >, > 1 
° 2 ‘ —> 7 |f |= \s‘n CZ cos 4)| 
! —{1 
Thus the Zozal Uieeechn | |15 
i x 
hx nx 
coe aa? a 
90 Me 5! os a 
ay 4 Y Ay 
2 
— —>2 


36 


The projection at 4a a/on 
the x-axis can be found 
in two ways: 

Beare cos 6 
R= (rr sin @)cos¢ 
Eguating Qives 
cos ¥=35/nNOcosd 


“ah 


NY 


foo dé 

The (mage os this array Is 
another array of four 
half-wave dipoles. Due to 
jmage theory the mage 
dipoles are ‘ot oppos/te 
phase to thé primary 


ae 7 i ae 
Top view 


a er Me x 


@ e e @ 


aes | Te isd Y where ¢ = (sottopre point source 


x 
: . : -| 
thi's 15 eguivalent Zo O where 1G) c= array of +4 ‘ 
N, pad psoztroprc pond 
O+; sources, 
y 
X 


mr cip 
In the xy-plane Total pattern 


Element pattern Array factor is 
(from above) x (see Fig, 3-4) iE 


> > —> 
pf x y 
v v 
x x x 
4-e/ement Z-element 8—element 
subar cas subarray array 


48 


37 Cean't) 


4-element 2-element 
Subarray 


5-5 
The plots in Problem 3.3-1,3)4%5)7 sohzrons were obtained using 


+he ARRPAT program anda pen¢ink plotter version ot PPLOT. 


— : ! ; Z 
5.3-4 =i? ot gilt) 
Cons/der this to be an array of two subarrays 
66 DF ee 
4 


tota/ 
pattern 


(cal/ this the'element") 


arrayed as 


N20 tt 
Paes eiltt Sta) e2° aT 
ro) O “y Oo O 
<—045\—> < 0.45\—> 
The patterns 
of the svbarrays 
are 
ks a a 
lement . d=ttAsF da-% 
Satie ; \ es 
array factor : éd = 270,450 = 0.977 A= ~O.97T 


The total pattern: 
element x array factor = 


pattern 
| are 


Gis -diceont) 
Equation (3-33) and the graphical procedure cannot be used 70 


verify the result since they rely on the e/ements 
being eguatlly spaced, 
45/0 
The eight element array can be decomposed into two 
subarrays : the “element” 
: ‘ ‘ A with a partecn given sa 
4 Prob. 3.3-7 
and ar 2 
“array” 
O 


with a patiern gi Ven Dg) Fig.3-F 


The tota/ pattern the follows as 
= Total patiern F 


“element x “arcay factor” 
pattern ” 
ae 4 =z Nz 


3.4--1 
From (3-77) D=N_ for d=n4,d=o 
(a) N=Z, d=/z 

=a Did@) =/0 JogZ = 3 dg] 
(b) N=/0, d=Alz 

D=N=/0 = /0d8] 
(6) N=/15, d= 


DN / Sa /1.8 48} 


ie ee 
d= 3A/g N=/0 
(A) Broadside A=0O 6d = = r 
From (3-78) N*> 


D+ OF Saar) 
N+2z& 2. med sume 


3.4--2 con't) E 
The summation = Wied — 5/0 ST pee 7S )=159 
a7 


=] 
we 
a ee me A, S| 


Oz 
From (3-80) Be a2 sae 7.50 | 


A 
(b) Endfire a=ted 
The sum in (3-78) is : 
EN mM oy 4. jo } 
a im erg i med cosma “ay (5 - pei ne: rl 


2.21 0.Ns 27-7 


= Geo 2)acnro+(P -1)(1)+0+ 1-1) +(#-1)U)+0 + (12 -1)C1)} 
= © [-13492] =. 55955 
So 


Vers 
Se = 14 5 
IO+¢ZELSESISS) 14.53] 


¥- 
>> 
fa 3-8)) ~ bog Nd _ \O ¥ = J 
From ( Di 42s Sys ok /5.O 
3.4--3 


N=5 and iil Sele hae in 399-8 


D= [e+25 marca al * g) cos (mr) 
0 
= peas ee ) + | Sisin (Fr §)+0.667 sin (12 5,) 
+0£5 sin (lor $))e 
3 
6 
se 
D 4 
2 
fo) 
© O:\. 10s 63.0104—~05, (0.6, .0.9340.9'50.% > |.0 
i, > 


ot 


34-4 


aT RR eae ee A 
- A 27THP HP ~ 0.386% | 


which compares Re, D= 25 of (3-80), 


» 


oe /0 | “5 /0 | | 
D = "HP,-0.0027(4 PS" 0.996 5 _ 0.0027 (0.886 189 Ay? 
wo ce LOT ee JO | he 
50,764 645 Ne Be 50964. Gask Ow 
een BOS Bas 1 Sor L>>xX 
SO, 76K 
p= Ag = which compares very wel/ to p=25 : 
3.4-6 


Ordinary endtire ; d=A/4. $ - 
ed = A=F and dA=ted=tz5 

Then 
sin méd Cosma = S/n mi cos mt =O for qa// m 


Thus (€3-79) reduces to 
| , 
Die ar 


ye S: 
3.4--5 


ee 


N=Zij,d=0-7/, broadside 


2) From Fig, 3-20 D=\0'= J/a-+hd & | 


Cb) Using (3-80) 


paz Miz WOM 7 erase) 
Se 


(a) Egn, Goat Ie Maree ees | 


T (Ayan) Te eae 
n= (Fae De Am dee" Seite nade 
k=o i a 


lee YV=COs g 7 then adv=-sin ea aoe 


OZ 


3.5-2 (con't) 


a — ae (2m—-2 V l 5 = 
= 5 ese p) (-av) = eb Cem Bp)V, 


‘6 (2m-2 
= a 2 5/[ 6 (2m- 2) ] 
| 7 Ceacepy) 
Using this in (3-90) c ‘ 


TAY Se ane a 28) 12.0578 128 4 
Ls Atha eo antes S/N 16 (@m—26) 
M=0 p=o @ (2m - 2p) 


i 
x 
fe) 


Se Se A. A, ou (dea~ ae) sia @(2m— Zp) 
M=0 —=0 @ C2m— 2p) 
which is (3-491). 
() For dent = 24-8 = (m-p) a 
Lite » 
tel sine) salman) Co mrp 
6 Cem- tp) aT m-p) & - (m- p)IT ~J/ m=p 
So (3-91) becomes 
N-\ ZL 
D= (2A) hich is (3-93) 
- ic 3 i « 
m=O of 


oeD 


since all arrays are of d=/2 and involve only 
(SOLTOPIC elements, (3-93) applies 


a (3 Aa) Ay ee (2A,t2ZA, +43)” 
an” DO A Fe 2a erhe 


N=o 
because the array excitatims are sy mmerrrc : 


o ° ° ° = r ° . : F. 
A; Az As 4 As A, Az A; Az A) 


D5 


3.5-3 Ccon't) 
For Fig. 3-23¢ A,=1,4.=4, 43=6 
2 
ws (248 +6)" — ors joe 
2+32+36 
For Fyq. 3-234 A,=! A, =46l, Az Hl4d4 
L 
ae (243,22 4144)" = 426331 
2+ 201,61)" +194)" 
For Fig, Salis A,=l, Az = 2.4 )A3=3. 4 
_ (2+ 4,.82+3,)4)7 
pf en ae an ee al ol 
Be vee egies 
For Fig, 3-254 4,=3,A,=2,A3=!) 


Res aie ee Analy |) ee 
IS +8+) 


ON GR O1 25, = 100/75 eee 
(4) Since antenna #2 is short circuited 
ee a C2n)" SS a (2n)* 
)! 


=z Vere Lo ciZz5SO) (nkCS ez 
Zaz+Z22 i Z22 ) 


~10°)~ 
= 70l0°- oe = 54,8+5326 =63,8/30.7°| 


() since antenna *Z is open circarted 1,=0 and 
Scom (3-99) 
We = Zon nt Sen = 25 
And Leom (3-98) 
Vi= hy ect iy. en I, 


So V. 72,1 
z Bey CEPA Go 22 
a I y,20 Zyl) Zi 
Elem Lae 
ah Fare aeaoree = 0. 8572-/0° | 
3.7-| | 
Nero OOS . : . 2 pre ght 


7d Ieee sO. cid alec 


fo] 
An=—-@ en Cos OB =-4Tnd cos 8, =- 3ge n 0.4A cos 8 
=,- VY) 144° Cos 8, 


5.4 


3.7-1 ccon't) 
For the center element at the origin 


=_ ° = Qo 
A.2= 288° cos® , A_,= 144 cos & ,d,=0) d,=- 144°cos Ep d2=-28900s8, 


Bl < 


as ca) 
Q, =90 6, = 30° 
ae O- o=-187.06° 


5h 


Ses: 


AKRPAT 


THE ELEMENTS AKE COLLINEAK HALF-WAVE DIPOLES ON THE Z-AXIS 


ELEMENT LULCATIUNS, CURRENTS, AND PHASES 


I X(1) Y(1) Zz(1) AL) ALPHA(1) 
1 OG 0.6 apes: 1.U0G0 0.6 
2 G.0 Gel 2eU0G0 1.0000 0.0 
3 0.0 0.6 4 G000 1.0000 OeU 
4 C20 O.0 6. 0GUG 1.4000 0.0 
5 0.0 0.0 & «0000 1.0606 0.0 


XZ—-PLANE PATTERN PLUT 
X-AXIS LS VERTICAL AND Z-AXIS 1S HUKIZGNTAL 
ANGLE IS THETA 
THE PATTERN HAS BEEN DIVIDED bY EMAX= 5.000000 


56 


De /- + 


The phase term /n (3-/08) 15 Biganeir 40 
Using (A-4) 


nA A . ; a 
r=xXsin@cosh ty sin @ sing + 2 Cos® 
For a /inear array with element pos/7rons on The 2-axis 
x 


A — / 
r= Ze a Fa 
Zz 


So 


A =/ A : 
ern ea @ (x siINOG Cosh+y sin Osin$G +2 c05sA)+2,2 


rt € 2 6058] which is the phase term in (3-65), 
7-5 


Since Zhe array is to be t 
parallel fed, the egua| | 
phase o+ excitation ‘condition en 

1 


will be met at @// 


Freguencies due to egua/ | | | 
line lengths. 


—> d=tm< 
At 300 MHz 
, 2 eo 5 
ppd = 3p70? [lg |, 504) > 3 =9.5m q,=0 
ee A= O06 
At 360MHz 
_ 3x/0® 


OS 
= 0.833m , 50 d,=O0.5m = 55, (0.833m)= 06d, 
¢ dz=0 


2° 3.x/08 


In the yz-pane the element pattern is isotroprc so the 
comg/eze pattern jn thar plane is simply the array 
Sactor. Be/ow are g/otie d the two pallerns for 


each Frequency, Note that for this 20% bandwidth 
the pattern is very stable. 


Je) 


3.7-5 ccon't) 


THE NUMBER GF ELEMENTS=N= 5) (a 
THe SPACINGS=B= 0e5000 WAVELENGTHS 
THE DeSiRcD MAIN BEAM MAXIMUM DIRECTION=THETAG= 90.0000 DEGREES 
THE REQUIRED PHASE SHIFT BETWEEN ELEMENTS=ALPHA = UeG DEGREES 
£= 300 MHz + 
vy 

THE NUMBER OF CLEMENTS=N= 5 
THE SPACINGS=D=__ _0.60U0_WAVELENGIHS | ees 
THE DESIRED MAIN BEAM MAXIMUM DIRECTION=THETAO= 90.0000 DEGREES 

WEEN btELEMENTS=ALPHA = G.U DEGREES 


THE REQUIRED PHASE SHIFT BET 


$= 360 MHz <3 =e 


Vy 
5. 7-6 ax 


300 Mibiz A,=Ilm —>2 


Ni-~ 
t 
I> 


d 
A=— 6X where R= length ot > detm< 


transmssron Irne between 
each element, Assume phase 
constant ‘s that of free space. 


a 21 Im =~-/7 > elements in phase 


hace 
Hence pattern is same as that 
Shown in Proo3.7-S for 300MHz. 
AZ 360 MHz 
d,=0-6X2 2 Z 
dy =~ 28 = — FE (Im) =- Te (Im) 
=—-L497 —> -0,f7 =-72° 
The pattern is showvr\ at the r/ght, oe 


mY 
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Ca en 


4,1-| 
Firsd COS(A+ am) = =—-sind cos|+#(a- J=sind 

a0. ne Per 2 

} Ho Atr>== cos (-sinda) —-(d-#)=0c0s5 '(s/nd) 
Led = SIA tO ——p = s/h Ux 
Then cos! (x)= s/n-'x + = 
es as 9 ears —(siar'x = + 
Subtracting 
COS@(-x)>c0s \(x)-o-25/n xX QED 

o-Z2 


From (4-15) HP =Z cos "'(/- 0.443%) 
et at =f -f7= — 2), a» 
leé Me 37 COS (/ y) where y 0.443 4 
or cOSA=/-Y 


And 
Bos =) Ky Py Mtwlt Ly synnce Y<<\ 


= cos*dA +51N47A rey 
¥ Sintkakhy Oke S Ati V2Zy 
But ‘Sak ol for a <<] 


Thus H? SY A By xk 
A=V2y or 2 =V2(0.4434) 
He = 20.886 >» Wich, ts (4-16), 


a, ee ey oe Oe unitorm \ine source 


ahs 
ay we al sing oo where u= £ (c0s8- Cos Op ) 
al 
For 0o="90° a= ee cos O (4-17) 
SITU 


Hoole n° Leen u= 20L cose <we ee. Then ne 


a PU Peale hich is the same as the 
ays oe SE dds pie, dipole expression (/-7/). 


KF 


le se 
(a) 8, unitorm line Source 


From (4-14) 4p = 0.896 =0,886 & =0,11075 = 6.34°} 
From (4-21) 


siTae 
525 =22% 6 = 70448] 


Cb) ?r,endtrre onitorm Jine source 


From (4-16) HP= ZV0.996 S' = 20.1075 = 06656 = 32. id 
From (4-22 
es ) = tt = 4¢ % - Bie JS Oomals 


(<) 16, broadsidaz uniform /rne source 
ON erga heey eV os )\) 


os 
(d)l6r,end fire 
HP=2\/0,886 5 = 2 0.886 > ZV GOSe9s5 = 0.04706 = 26,97? | 


Di 45 =4 ISA — 67 = 12.0648} 


41-5 
ae cay = eae | 
(a) 1.0 e 
UA 
Broadside : 
I 
oer 
fe 
-£c0s9,= 
Endfire : 
se 
ge = Fir 
OSes 7: r) 
C058) =-47 cas O 


ee 


41-5 Ccon't) 
(bh) Measuring the HP's 


HPlbroadside) = /6° HPrend tire) = 60° 
This apprach is very agprox/maze. 
BP rcs) = 0.886 es = 0.896 4 = SOL Lee 7 
#Fendfire) = 20.9962 =Z/O,2215' = OFH3 r = 53,9° 
4.1-6 


eS : fi 
For broads/de uniform line SOUCES A= © cos8. 
(Q) KX Wp 
i oe Zz) = (0-72) — 99617 
Cipis ae tA cos22 617°) = OFZ 897 
BiaG;, 2/2) “er 
nF te 
i) Oye = C90 7524) 5 97,2085? — yp = Zr c05 (77, 20859 =/3Y/55 


nd 
2 ne = DIO 7I ee 
Une 


iii) HP= 0.886 > = 0.886% Sie oh? 
¢b) 5A 
é) Oyp = (90° BP) = (9o- Gl?) = 84,944° 


nu 
Uyp = 2 2B c05(24,.944°) =/,3843 5 sin One | 2 Tae = 0.70709 


tt) G49 = (90°- ona iy aoe Peis =/.39/7 
BOOMAE TE a90 705 o 


= 406 


Une 
EE ro) 
Atty HR=O, 996 A = 0.996 4+ = 0.1972 7 =10.ISZ 0 
(c<) /OX 
‘) Qyp = (90°- SOT 87. #645° — yp =F /24 cos (27,.4645*) = 138929 


sing 527 Aye _ O8 oe 
Hp die 0.9707 


ee) On =190 = 2) 2) = 97,96 - yp =/OjT £05 (97.462) =/39225 


SITGMHPE OD) FE ee 
44P 
A 0 
EXO, —— = as <e ae 
HP 0.886 ~~ 0.0886 r O76 


ave ) 


6 | 


Ae ety. 
From (4 On 


wikis ae 3 where d= ae See de a= (6- Go) L 
rk) fr pepe 5 Op i he 
ip ie AT/D, = 217 D ie 
Oper WA Siege p= 2, gh mye 
Dp a SN <a D, °F te, 


Evaluating J: 
9 =f" sink ais, ri PLE. ee bh, i 
7 =3/ = -j ste “da 


—a/ ad a/2 U2 


b b 
=7]-¢] (2 4 eS, du- | where 
=q ee ozs w= LU 
3 (2 HES duke Zdon 
-!l/_-2_2/_( cosw | ; 
Z b 2 | ). mz du = eta a) 
ie b integrating b acts 
SUE cB te COs Ca aee P simu y “i 9 ay 
| pret e = ayru Peds = Sxdy=xy—Sydx 
wa i eee X= i > dx= =-svnudu- 
es COS b Cos Aa b 5-7 - a Sihu- ge eeu ye-u 
b i On. O26. ono dur {) Bae 
Jc (b) S/(-a) 


Dama t SO 4 Cos PLL _ Sa) Selb) 
13 a = 
(ts oe ean sane Le 5 (ae ae QED 


(b 
ZL), 6L whip, cosant ae sco + S8iCa)eSidCb) 


Di (Hansen 
ZL) vol. Z) 


70°" TOI mn (OO CO me Oar 
© 


ie 


4./-7 (con't) 
(4) At broadside Q,=90° , cosQ,20 and 


Q= b= @L 
From (a) yi Cos @L-| 
> = 2 al + < Seely 
(d) As L becomes much larger then a wavelength Cc) becomes 
cos GL -| 
= S<é(@L Eels | eee Eb 
él Aig a Does iy a du = ae 


ee ee (eo) Ee Dut = forL>>d 
D, ¢L 60 


whith is (4-2/), 
(€) In the broadside case 


Du Da Diet) Fas WZ 
hel ae = 
ZLjR Eck e ¢r/p, coat a + ScCRl> 


CHansen , vo/.L) 


4 2-| 


Cosine-tapered broadside Ine source: 
(a) Froceeding as sn Section 4] 
HP=Z peels 5 


oe ee A — — =" 
erede . ee Ot Gup™ Ale 


z= 1.864 
Inserting this hems, 
Sldyp) = Bieta eS SO ab ps) ac 
bis Wed ae ¥ 
_ dtu) cosU S172 cosu (1) (-2(4)‘u) 
eau Vuze, 7 Nig D potiee | ep (/- (Zu)*)? 


UUs, 
Vee (2u,,) ai, i Ce 2, Us) 5; % solving by tria/ and error Us p= ).8895 1 


THEN £0) 99957) = ee eeTTT ICD =-0.0708 0S —> -22994dB 1 


63 


i Broadside 
cos/ne-taperéd 
gL _ ee 3X /iné source 
ah 
= 37 
—>u 
gr.30 —> 
4.2-3 


ae 


= 3) ia 0.3m (@® !GHz cosine-sguared Zapered, broadside 
(a) From Table 4-2 

Hp=/.444-/44 2 oo/44rad = 825° 
(b) From Table 4-2 


DEON IO — 0.667: 25 = OGOP AL. “ = 13.34 = 2548 
4. 2-4 
JO line sources with following current dis¢ributions : 
(a) Uniform 


d A 
From(4-/4) HP=O.88b T= 0.8 86 = 0.0886 rad= 508°) 


From(4-21) D,=25=7 = zQ= (348 


(b) Triangular (remaining relationships from Table 4-2) 
HP= 129% = O0./28 ~ad = FS22] 


= x Du = OIDECZOVNESYI SES Te dG] 
(omCos7 ne 


HP=LI*VG =O0./19 rad= b.92°] 
=O; 81.0 Dg" ONO C20) | 2/6. 4 ele Ja} 
(d) Cosine squared 


HP= 44a ED OY hig Aya Zow 
D. =90. 667.0, = 0. 66,764 Dae / BBS EZ dB 
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4,2-+ (con't) 
(€) Cosvne on a -/0d6 pedesza/ 


HP =/032 = 0.103 = £904 


Va 
OZ Ae (ZO) 1/8, = 12, 65 JB] 


ae Triangular curremt— eae /iye source 


(a) From Table 4#-Za Itz)= /-Z2)2; = 2/4 £ 
£ 


Fincuyas> Tvz')e? Da C= 6 COSOFr Go 


= 


= C2! 2! 
i C+ £2’)e dz , i nla pe 


Zz ak +3 
‘crue Seo bat Sis ace C2 
T2 vm ae a dd2! 
L 
ae sing i, /y. 
pees fo ON Gt 2 Pees cn’ dz 
Ae L 
=Z5F ¢ [eee fez anc? |? 
¢ i : 
sm Ss rae wh é i cl 
=f = z 4 Cie Has si) He. f-COS F 
me ot 
I-cos & 2 og bGd Fea ey 2 
e el . A el. Shik a La 5 
= ee © CE BY (eye 
oe Mo —=332 + 2) 
cu) = [Age " u=oc Ca (6c0sOr HE 
iz. 
(b) From the fact that HP=/28 + (broadside) 
-F_Ww_z- A 
R 


Up pai 605 Op Ss = & cos(E-0,643) 
= sm ased= (0644) = 2h i064)) 2 0.647 


ED ey eee ANTE aaa 


The pos; Zyon Sue Da? bel BE ay side jobe peak 
will be the same as u for a un/stform line 


Sourcé, So (u/2z)5,, = £4437 
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4-2-5 ccon't) 


Then son Ba) a 
=) = ¥ hoo ar 
Tare SS O04 72 = 2a see 
4. 2-6 


The triangular currenZ disédribution Is Zhe convolutison 
of two uniform /ine sources sie, a triangle i's the 
convolution of Z¢wo pulses. 


ra bray kee “convolution Bea See 


ter 


sind sguare et 
ae Sse, 


42-7 Dy pole with 122% 
(a) From (4-1) =j6r L/2 @2 cos 
ee ee Vy sin@ Ele? / 
ES J ai oo ) dz 
CN G6 > Se ee eee 


7 
= ToL 20 chy from Prob. 42-5 with @ 
aa Ae max,mum current of Lo L 
(nstead of un Zy. Andu=§=c0s8 


Fy = jw wes al sin(#£cos@) ]° 
a 4i7r Zz rate sf ’ 
Sei (ile 
(b) For Nee). £ wos © = TE cos Oz hy so pee | 
and ; BL sO 
wee 4 
EE, ~ jw ToL € sin @ 
eae eae 
(c) From (/-71) for an deal dy pole 
7 
was Gc. 
IPR series 62-127 sin @ 


Comparina to short dipole result in (b) with T=T, 


and o2=L we see that the triangular curren? 
(ot short digol ives an expression for E, 


which is one-half that of a uniform current 
ideal digole. 
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4-2-7 (con't) 


This is exelained by noting that the triangle gives 
half the current-length as does the uniform 


curreng, 
Vii 5G 
Hcg BY 
ade = Tal 
i L 
Z Z 
42-8 
eee re) cos (/e Te ) j2/2$ 
Le 


B: Zz ‘ ; / 
far = {7 cost( 2?) ed" Ja’ where C= @ cos Ot Bo and a= 


a) a 


_—_ 


{kL 
x“ ZH, Pyek aCe 
(/+c05 et on NE EU 


cz Fajpe 72" 
=f ev da‘ +f* ee ca” 
sal Z om z 
-cft -cl 
. . 4) ae 8 ' 2mz 4 
2 es ee BE oiler BGE Ges elo ze mG c- £95 
r2C6 4 —=£ 
ee cL jcc 7) iors) 
ee ATE o aie 
7 ol) OED 6g | eaters Zenit Z sin}ex 1] 
v2 c+ ir 
De ahd emepaben aa 
Pe a zZ Yap a z 
Bas 1) ROT Cha UNS age |-2 
2 U y aes he ic 1G = <a 
Bl 5077.4 s sIANY I—UE)* a 
ies, av TEy Aloe a8 Mm) -> Qe — 
u age -(Z Ey) 9 Peer) 
AS 5 sin u (fy? ASL sa ] 
“A ir ry er u ye 
TRE ae ‘gil Sse 
of Fea) = (4 2 we as jn Table #Zb 
7) 


6 7 


4. 2-8 Ccon’t) 
For broadside opera Zion Pos Laan 


Lie eas IE ag) pact 


Then 
Ze 
S Leeogy A = Cy ee 
And : 
/ Sv COIL) ae 
Hue tlag,) = 7 OTE pe Die = (OOS 

4.72- 9 

Cosine on a -/0d6 ce gee LaZ0 rm e A= 15m @ Z00 MHz 


Ca) eae: 4--ZC 
D=5 2 p= Lee a a 13.9 6 ] 
ce an he NG: 


on Ona pedestal: Icz)= Cae ae ‘les 
= @ 
Ean C (rai tt a ce ee CA rai COs ee BES SOS CR ay 
& 


Cae, Eg ee 
see (4-4) see (4-75) 
COS U 
== Tae vas + (/-C) ae 


Cb) 


I 


‘ye 
To Ser baad: 
Z 
£ (max) ae (420 = ee EGE cee — 
So SinU COS U leche 
aa SS / gr les 
F¢u) = ae ie + O-C)x Va) with result 
Fun (Ox) in Table FZ, 
i ern ee 
4. £4 SW Lf i> Ieeyde! 
Lg a or a [ne source 
gis 
S [Ia| dz 


Ca) ULS: Ta=/ 2/¢4/2 


L/2 Lean z : cy Zak iB 
Si, + 42l Saik J Ny dil cle = [2 S D=5 = zx 


42-11 Ccon't) 
a De < ae ae cos = 


; ptede = cf? dz revo f cos ZF ds 


~ 
dy ia 5 a a Zueiipewter {elas 


Zz = 
e542. V2 
Ss /I(2)|*d2 Ey Bes (exc) cos T* ¢(/-t)*cos? 7? dz 


L 


_— 


re 

= CL 260-6) F+0-0) ie, PP aw as \ oz 
2 

= GAR OCE CLES Bye Sie 
LAPtROe]= 
CAL + SCULC)L +00)" $ 
ie sad ati 
o ctype 2 CU/-C) +3 7-0)” 


ZL 


Evaluating this foc various pedesta/ heights; 


D 
ASEM 
/ / Uniform line SOUrce 
0.3162 0.927 -/0 dB pedestal 
BA 1 ie 15 dB pedestaX 
O O= $7} Cos/ne taper (no pedestal) 
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CHAP. ffi) 
a Pee la 
tae (s=3 


i 
eee ae sinfe(£+2') Jer€? as tts ie snfelt-2 ler y. 


-_ 


E, ‘fo! Soa oe [pecos sinfe(br2)|- 6 cos[e CF as 


74.4 @cos0)” a 
coe [ie g cos 8 sinfo(£-2]+g cos le($- 20] z 
2 
tC ECs) using (F-M) ee 
= va @3 5 cos sin — cos +d? aed 
cz 7) 


*//-¢os ; 
é neler? cosa bree cone g 
Se a) 
— ee cos ( $£¢0s@) ay of cos & | which fs NCO 5 
ai @ sin? @ 


Wye 


S~6) 
From ( COs Ce cos@)— Cos (£6) 
ey MANE ERM A 
s/n) @ 


And $rom (B-18) cosa |/—-& for Al <<| 


Then fer Le<r 
cos( cos 0)-cos($E) x j-4(bcosa)* /+3(€) - 
= 2($)°(- costa) = $ (EL)? 510? 6 Nole. Ca Ula | 


E,~s( ) Sera IG LE CA) 


So 


21 fe “ cos ( £ cos 8) ; sin v = (partion tl 
a) Fa (6) =4a(8) ta(0) = ee ie Peet. 
—_ edcos O+4 = 1M COStG, d= VY, =¢) > 4r 
cos (Fios 8) OCR EREL! 
fol Oise | aan =( \ n{Booe) 


= Cath in &) 
Gwe 


51-3 (con't) 


(b) F, (e) = COS GInCos OC) oe] 
KES P CO 


cS) 


The current diszributirons are the same,sothe patZéerns 
must be also/ 


Note: From (6-/0) 
SINT COSA) = L501 (= cos 9 )cos (Ecos ©) 
POL evn encase) 


COs (cos ao 
2 5/1) (E cose) a ) 


and aa ) 
Co's $605 2. iz Cos * TT J 
A= re COs (Zs @) = eis z (/+ cos (22 cose)) 
= cost Hr cosG)+ fy 2g moe 
Zsin@ b Ce vo 


) Tz) 


fe aac 


ASE 


Imagine that this curren€ Is generated by Zwo half-wave 
dipoles ,a half wavelength aparZ and fed 180° out of phase. 


I 
Then F(@) = 4a(8) £8) = eee ee) sin(£ cose) 
4) 
roe 7) (37-8) 
(0) 
Ja. x eo wes F(@) 
—> > > 
z rags Zz 


Epese 


Cb) 
5.1-6 


From (4-27) Ley =e make h _ FL oe 2 
) /-(Zuy where u £<Ccos 05 & ) 


For a half-wave dipole, the current distribuzron has this 
cos/ne shape and L=A, and G5 902; Uae 


SOO? « 
ue 
And ae COSAs <Os'6) tAdG COS (CZ cos o) 
/- (22086) s1n2@ 


The complete pattern is 


Ls 
F(@)= g (8) £06) = s/n @ shee (J ee COS (2 cos Ee) whic h vs 
s1yn2@ adaeT = Baek, CS-7) 
a as reguired., 


51-7 

By trial and eccroc ses Neale frum (5-9) for a 3A d, pole 
iS maximum at @= 427,6°and /374° where ‘ts value 
1s 1.399, So the normahzation constant is 
K=Y3qq = O48 . 


53/=8 
A= 1695 mM @ II) MHz 


Te determine the shortening ceguired : 
Length Py LY, 169.5 «m/2 


Diameter Tn ~~ a = i a ae 66.7 


which, iS close+to an £ Jin of GOmUROtTaETe. S-2, 50 


L=0.475A = 04750645) = 90.5 ¢m| 


oN aes 


eo Le. 


A, Cy. Te oe ene ee meal pes en ee 


git ames 


cos (£ cos Q) 


—-7 
SIN? OE Goes 


(a) 
Element pattern = gale) = 
(hfe 


ee / (con't) Ned d=rAgsnd=lo 


een) ve 
Array factor = t(?)= —F 
rz 

P= ed cosOta a or A cosO +O = 7 6058 


s/” (27rcos 8) 
45:1 (£ cos ®) 
Tota & pattern 


fie)= 


(e) te) = cos (F005) s/n (27 cos 2) 


Fie) = Ja 
Cb) S/118 4. sin(Z cos) 
Fa 69) x $8) = F(a) 

5-/-/0 i 

<i-+ 
(a) The array factor 1s 

fiy)= sin n¥t pa gdcosOtd = Tos O—-T 
Mesin £ srnce d=NMz and d=-¢dtos@,=-1700s0= -T 
rd 


£(@) = sin [27 (cos 6-1) } 
2 sin[F (cos O-1) J 
The total Patzern is 
cos ( £sin@cos¢) sin (rlios6-1)) 
\/=sin*bcostf' Zs0n(Blcosb-1)) 
peAS MT e ay a 


Fle)= 9a(&) tle) = 


“43 


5 AaOxecon't) 


(b) In xz-plane 
A one x + = F 


In yz-plane 
Jo as oe a 


= 


In xy-plane F=o sa eta oe 
S.-H 
Ca) current 
the guarter-wave 

Stubs act as 

180° phase 

shitters, 


Cb) 
The anténna with /ts ground plane imaae forms an array 
of half-wave dipoles with egual amplitudes and 
N=6 ,d=A/2, d=o0 
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@y 


half-wave total pattern 


” ) LELAOS EE FP PLES s 
\ 


di pole t 
array factor 
J.1-1Z IZ 
(a) From (S~!l) 
pa 2 2 si sob seeen & Be cos EE)" ae ac iti cos F] I"? de 
ik 1+? 
let v=)+r Weiler 
Then 2 
BSCS 2 COS ao fe Vv) —COS BL 
bo fy ik Jf Hes BG) es = 2! dy) 
+f" [cos BE ¢/-w)— cos & fies dw) § 
WW) 


And aster several manjpalations 
[cos $£ (jy) =—0S ge" = if— cos gry +-COS el (/-cos gL y) 
—7¢05 @L (/-cos @lv) +sin@l (gsinelv —sin fey) 
Since the integrands are rdent/ca/, we can coms/ne 
the two TN giving 


j= i se ESS EY dy vcosel |” a ea 
-peosgh £1ocas abv, spsingL[. S17 GEV Jy oe) sia Fv ay 


Now lez gry = OT ee ley ny 
Then 
gL eL 
pal tos x = sm 
d } ee, eee * dx -Jeveel |" locos, 
+5 singel \ aor dy —sinel eg ed x 


Using (F-13) and (2463 
= OPSIIZ + In(@L) — C/(eL) +6058 eL.$o. 597972 +/n(gl) 
—Ce(@l) -$(0.5972 + In(@L)—- Ncdaauy)f 


FS: 


5.1-12 (con't) 
Se ead @eL Py Suc 7a) oe (eL) | 
9 = 0,51772 + In(eL)-Ci(eL) +3 s/n@Ll [Se (2@L) -Z Si(eL) } 
+z cos@L [0.5792 +Z In(pL) -\n(el)-2G(eL) + Cé(2e@L) | 


—— eh I GL 
Z 
Thus 


P. — Tyr 3 0.5972 +In (gL) Ce) +3sin@L} Sé(2er)-25¢(@L) | 
i +5 cos @L[0.5972 " In( &) +Cc (26L)-Z Ci(eL)} ¢ 


as Claimed, 


Ghy 7 he directivity Is Aa. 
And ope 
i a ee i a 7% +? cos(£c0s@) -cos (&) - from 
m 27 Bein Pr Ey a Ta rae in, (5-6) 
Using Se From (a) A 
CE a Sik 
p= rouse sr oe — a a wal where 
Lae B B 
di +m . 
A | cos (Ecos 8) - cos (8 | 
sin @ Max 


B=0.5772 — In(@L) —Ce(@L) ee sin(el)|Sé(zeL) -25é(61) | 
+7 605 6LJ0.5992 +|In(&) +Ci(ZeL)-2 Cé(6L) | 


4 
D 3 
2 
! 
oO 10 -A0) 3.0 
b= 
5,/-13 
For a=0.005m L=0.5m 


Lt gOS 
Zo 5,7 —50> L=0.475X at resonance 


When L=0.475) ,A=L/0475 =0.8m/0.475 = 1.0526 m 
Fath = 2X/0Y| OS2OS Lan HAZE a MHz\ 
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5.1-13 Ccon't) 


me aeocco|) ) =) BP a Z600 => L=0.49) af. resonance 
om ZA 0.000 
Ae et ae eo ee 
A= 6.49 = 9.44 = /,0Z04™m 


And picts 3X/0Yf n794 = 2.94 K10* = 294- M He | 


These va/ues agree we/| with the VSWR=] ponds 
tL Brant 1, 
5-14 Optimum directivity vee 
Be) Gis 1D =70°"° = 3.98 


From (5-24) 
We OSHS A 3.98—-415 _ 
ae ge 


Then from ($+23) 
y= 152(4)*~395(£) + 324 


= 1§2(0.963)'-388 (0.163 )+324= 9 132°] 
ee 15 


D=Z41 

From (5-24) 

h D-LIS__ Z4/-L/5° 

a SOAS 3 L=Zh=2(0.43A)= 086A 
From (5-23) 

$2152 (2)*-398(2) +324 = 1895.63° 
A straight wice dipole would have ¥%=(|80°, so this 

resu/¢ Is close. 


Wag 
fo 1 3x70", 15X08, 150 
22°F ~ $S¢mple)x/0& = (MHz) 


For thin wire antenna trom Table $-Z£ 


= = A Cy) ae >i SO 
La0a75 N= 0.95 CS) = OREUD = AES 51 co) = BEE 

Cb) channe| F(mHe) Locm)’ Channel $(mHz2) Licm) 

ras So) 2 &0 7 179 B05 

Fn ar Ag ace ro 

06. p 

3 74 we, Ae Lea ane 

6 9S OO VOTE 207 EBi4 

FM /00 [4Z-S 3 ZiS 66-9 


waa 2 
Z=3002 since d=l.5a 
From Figs. 5-5 and $-6 $or L=O4A 2 = 35-3)702L 
From (5-25) 
Z,=Jj 2p tan $=} 300 fan 29M _ 5973 3p 


From (5-29) ) 
~ 42,2 A; 923,3 (35-3170 
Z; ns Bain rc 3 Be es ah a eld —) 
" 2p e225 (923 SRese aD) 345.8-)1034.9.2| de Gil 
From Fig, S-15 
Fey (Ue =O \) =. 5O—\ 0COe) 


roc! g g 
: U- R © Ry 
= jU=eR = L u- U 
Rat Ry Rate, 


Oi" Une 


———, UE 
(Rat Zoe , 
APL _ I -3 

oe es ee -—2)(R 2 
Sige Sillreeoe + KC ae Atk) |e 


Ore 


Dome Re 
Roh ke 7 
Tnput power = p,,=c¢7R, = ay Aa 
A ae Rr+Ry 
Power dissipated in transms Her =1* K, pogo “R Kr 
+ ) 
Transm 7% efiiciency =C, = Pen 
uz? Zz Peotok 
= Cire See re amma! 
a= ie eee ZrRe 1+ Pig 
(Ry+ Kat eG Cee Ko) Ry re) 
(b) 
Ky K ley SP QGOAEN Ns Tee Pe) 
pe vied the nh 2 50% 
= 0,5 dD =9 eae ae) ee 
™ Ce= fros =]e = 667% 
R=. ! Ro I ple 


5.4-| hx 


| 
| 


; ” —> Zz 
ew 
0,04A 
Using the ARRPAT program : 
H- plane E- plane 
- y Pa 
—> 2 
(0) (b) 
a -< hx 
0.994 Z81.1° LO/-99° > 
ng ARRPAT: rae 
Using ‘f- plane E- plane 
x 
lt d f 
>2 


NF kat, 
E, 


e E ight 


oie. CA ate 
= |Z81.1° FAIL 38° 
d=“ 004A =0. ee I4.4° 


a 


ae 


5.4-3 (ton't) ) 
oe F,(at driver 
Right (8 =0°) | 81.1°- 14,4 = 66.7? 


Eright= |Z-88°+ 12 66.7° 
= 0,439 L-10.65° 


This *s the sum of Ey and 
Ey lat driver) where Ep lat driver) 
is [Z31.1° delayed by |4.4° 
due to gd phase shift 
giving IL6b.7° 


Left (6=180°) 


Cees Ep +E ,(at parasite) 


I 


[Zoho Sa 42 
= [LSTA Ce | 7-102. 4" 


=—O.0692 \fOCHD 6S 
IOC NZ AG4 sa, 


The front-to-back ratio is 


0438 _ 
an /71d8 | 


The pattern in Prob. 5.4-2 (which is the same array except 
the paras‘te amp/,tude i's 0.994. and here it's 1.0) has 
a front-to-back ratio of /70d8. 


Yas att GG We So Yovarn 7) SE 

From Table 5-4 fora three elemend Yage : 
> pacing = Se: =). = 0.25X = 0.75(300) = 75cm | 
Reflector length =Lg=0.479 )=0479(300) = 143.7cm| 
Driver length= L=0.453A =0.453(300) = 135-9 cm] 
Director length= LL, =0.45/X =0451(300) = 135: 3 cm] 


§ O 


at)” 


For channe/ 1/13 -=2Z)/3 MHz (center freguency) > \= 140. 8am 
Then From Table s-4 


Le=O,477A= 67kcm L=04¢54,. = 63.9em 
Lp = 0.4342A= 61./em Ses oy = So as eam 


One reflector , one driver , five directors, 


5-5-1 
Fpom (3-97) and (3-98) | 
a 
Zz gn = Diy = Ziz | ery 
) \ eae a Se 


Let *4 be the antenna and *Z be 
its smage in the ground plane, 
The ground plane presents an image ot egua | amp/ tude 
and the same phase; so 
Tz=L, 


So 
Za ie = Z uy Le Ayz 


From Fig, 3-277 ford. Ss P ppmudie wy/0 
And foc a half-wave Chin) digole 2, = JOrjO 


Thus ay i FOTO PLAYS Oi Fe itO ohms 


ee 
From Table 3-| for collinear short digoles 
ey eae Ne se 
See 3 oe (med)* A2 med 


Borrowing the resu/ts of (2-22) 


Dabove ground plane =z Dy H5e space array 
< 


Using 
=. Go z N-) N—m (3-23) 
Re alee med (Q,sinméd +a, Cos mMé6d) cos ma 
m=\ 
CY ea GR oe) Using Table 3-1, 
etc) (20 cined + 22 = = 
Sy Lea pak?" Higa OP Eth cain taend 1-0 


] 
2 
a 2[5- cOos(géh) | ae where d=£h. 
3 (e2h)* (@ 2h)? 


8 | 


wos d2 hz 
(2) the image current value “AS =i 
4 


of +] 1s obtained $rom 
Image theory in Se.23 Ta TaTaTT ae ee 


oF From (5-47) with Caan 2 
Ab =+/ from (5-53) with &'= 00 4+ = 
Ee pane Siemon array une = Tofa! Sang pat. 
sea (see Fig. 3-3) 
which compares 
eh with Fig. 5-37. 
The H- plane (xy- plane) pattern is ssotropic. Az 
(b) TZ 
The image current -] is —» Lo 
obzZained Srom image al 
theory in Sec. 423 or James 
$com (5-50) with T=! ‘ya TS TS 
tor €f=00 in (S-53) or gn ia 
From (S-5/) with fan -{ 
tor €, = Curae s-Ge 
E- plane 
element array factor = Tota/ Os leas 
pattern y Az 
(sin @ ) 


( Fig, 3-4) 
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5,.5-3 Ceon't) 


H- plane Mera factor a Total H-plane 
element pattern xX ie pre 
y "4 
(isotropic) which compares 
to Fig, 5-38 a. 
5.5-4 
The program ARRPAT is used to give 
(a) 


Fre ELEMENTS Akt CULLINEAK SHUKT DIPULES ALUNG THE Z-AXIS 


ELEMENT LCOCATIUNS, CURKENTSs ANU PHASES 


I r(L) Yl) Zh) Atl) ALPHAGL) 
1 0.0 G0 G.0 1.Gv00 0.0 
d GeV Q.0 1 0000 1-eGOUU Ue 
E- plane "a6 
¢ which comeares 
H- plane to Fig, 5-376. 


pattern : 


(b) 


TRE ELEMENTS, Akt SHLURT LIFPLLES PAKALLEL TU x=AX1S$ 


ELEMENT LUCATIUNS, CURKENTS: AND PHASES 


I Xl) Yol) Z(4) AGL) ALPHAGL) 
tees .0 0.0 0.0 1.0000 _U.e0 
2 0.0 UeV 1.000C¢ 1.0009 lL7y¥.¥99Y9 
E-plane pattern H-plane pattern 
nz a 
—> x lee 


which compares 
to Fig, 5-336 
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spo) tas tz 


(a) = t oS 
The program ARRPAT ae UES 
was used to obtain 
the patfecns. The TTT rele lie eed | se ee 
lower pa ttern halves Ege = Uym (7 
have been sncluded at - + 
to show unsymmetrical 0.97£-190 
nature, 
E-plane 
y, 
pe Emax = 4) max = 
1.90 0.193 
ax, 


* 


——~—Perfect ground 
) Plane 
The H-plane pattern is very close that for the perfect 
ground plane case of Prob, 55-36 (shown dashed 
above )except that radiatrm 1s not zero along the 
ground plame Cxy-plane) but is (0-193/,.90 =-19.91dB8) 19.9468 
below the main beam maximum, 


(b 


See 
(a) From (5-44) 
aur Bal bgt Bt eel “ J hcos@ pat: h cose 
E,=dw ea az SING (F ( ee ) 


for a shorz dipole oriented vertically a distance 


h above a ground plane with reflection tz 
CoesFicient fF r 


h 


So the unnormal ized patter n 1s o> 
ie ae 


v4 
Fe (8) 2 sing Levy co aes igs Lone, 
aH A) er ep elt ys ei (7 60s O44) | 


eee 2 i 
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5.5—-6 (con't) 


find 


|E()|’= Fle) F (6) = sin?Ofe/ 


EGiiaa 3 yes circosbt+d ) 


fed 7 e038, 4 vl “1c0sO +d) 


os eee z -2 ; , . 
= S//) B/I+A tHe BE) ee ore J] 


= sin2Of/ + A” +ZA cos(2r cos 8 +d) ] 


Tabulating 
y 
Fay Ae: ne 
O- 40,5. 0? 
re aeste O 
PaaS 41 Oo 
Js) in 8, 
moe OSs “0 
me 0,5 O 
Bo? 075 -O 
fe 0.5 0 
oy 9 0;'5." .O 
at 2p 'e°-/O° 
45 Bo Me 
SO OVS —f@ 
eee 0,3 70 
60 (ORE -/0 
to) 60,3. -/0 
a 0-3 —10 
Pat. Os! —JO" 
ee t0. 1-70 
80 o.! -9O 
80t 0.5 -/80° 


/F(@)| 1s found by dividing |F,co)| by 


/F (@)) = 


O 


0. O/71 
0.0677 


Oo. 1492 
O. 2549 
Oats 
0.4790 
0.5497 
Ors kl 
0,43Z2/ 
O.4/16/ 
Ov3 75 S 
0, 34-53 
0, 3743 
ORS062 
0, 7544 


Eee Bs 
Vet Z Se 
Race 


00,7647 


Qe 3z 
0,2 5°00 


sin *o 14h ZA cos (20c0sO 40, ) 


[F@)| 


O 


OitZls 
0.24.25 


0,35 4949 
0.4705 
O. 8 6 FZ 
O. 6449 
0.6909 
OO. 6726! 
Sea ae le 
0,60/ 
OPS O 
Ou Sa 6 
Some eo 
0.6630 
0. FOVF- 
OTs OZ 
OTe 79 
pee, 


0.8149 
0, 5843 
O.4ESF9 


LISTE 


and taking the sguare FOOT. 


BS 


55-6 (con't) 


The pattern plot i's 


IF (e) | 
80° 
Fattern with 


(b) For comparison the pattern ot a short dipole 
above a pectect ground plane TS show sn 
the pattern above as a dashed curve. 
This pattern follows Frum Frob. 5. S-4a 
OF. Fra, SS /ib (0 = Co. 


Re 


oo-/ 


From (2-19) Zin mono = Z Zin, dipole = £(70 4/0) = 35 ohms 


SvCE a aH ground plane i's present, 
The radratim efficiency is 


K me 
eee eos Polya: > Rohmic= Re (e-1) =35(g95-!)=/08-2 


From Fig, 5-34 at /MH2z tor Rohwye = | ohm Ay BO: Z 


So 2=O.% 2 — Ort s00m ) = 60 m] = ra val Jeng ths 
5.G-I| [AG 


From (5-58) 
; ms sin [ $6 (-cosep] . sinlé w (/-los @) ] 
a ie TT a G7 C/-cos @) 
At 6=70/° roo daa 7 


K F (Om =20.1°) = 0.29299 
Perea t O70) ° 4 Fle= 202°) = 0.27248 
Bete e420) — 20.13 ° 7 Fte= 20.79) =0.27294 
Thus gattern (S 7AX, WHI Oe get a A 


oN ee Traveling -wane long wire 


L/> Om= cos! (I- 237A ) Om 
ee. $-om (5-54) fram Fg, 5-42 
/ ye 47° 
3 £85 ZH 
vs EP fie 4 wae 
6 LO gor 70° 
/0 LSLES ja 
Di ca 2. 


From (4-8) and (S-58) 
Eg=jwu ors Dy mee, 
ao oe 
+= ja \\ Fol r?sino dbdp 


covall ge (/- cos@) | 
gf ¢/-cos @) 
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eee ( By 5) 
‘ 23 5777 /-€050 
ae Caer Nil 
SV Gy ial Pa 
i See geo aT 20S. 
Let t= EF (/-c0s @) then dtr= €* sine do and 


cos8=/- 22  sin2@x/-«os*O =/-(/-Z2)* = 
Then L 


4. pA aT: 
j=) ane ee ee 


Oe L be 
ea Ani) 2 Se ae Jai ara$ 


48" Ae 


_ 
CL DEG RE 


as zel - A 
Te Incest wei eh sh 1 nee 
jn2 ‘i 
BS ee ar (¢L- sau oe using (F 15) 
| sn ZeL : A 
we i 0.5792 + In(2el) -Ci(zeL)- 1 oat ] asing Game 


Qnd In Z¢L = In 4n-5 = In 4r+In& =2,53/0 + In § 


— =e Leama mer la. 5172-1+2,53/0) +|n 5 —Ci (261)+ >> es 
=I; tek [ = Lie vale a | Fe SG Tm LJ 
= One | 208 +In&=-C;(ZeL) ee required. 

Bbo4 

(0) pe ee ee 


yg 2S $0) cosBy) | using Ep 


4ir | Wiur +2 12 s/n? Qn = _ from Prob, 


FRE, Cee fe sy [ $5 (/-cos Om) |* Sif 3 
— 40r ey ¢ 4. 2 sin Om Fae 2 2 
te A ae mas G Fm fe rah [ $2 (/-cosOm) | 
Now fs 
“bar 2 om On 
sin® Gn. (Zin case) a en 
(1-¢os Om) 2 sin? Om Wi zZ 


838 


5.6-+4t ccon't) 


0.371 
From (5-54) /-cosOm= 


eT =P) € (/-2058m) = 170.37) 
and sin [ e(pcosOQm)] = 5/0 (0.37Ir) = 0.919 

Using P from Prob, 56-3 

rt Wale’ cot *Ldcos 1-937) (0.9/4)° 


| 
i= 27 7. and (e, use 
ZO, 2(Z/0gtin s 5 - G(Zel) + aaa V#=/200 
giving 4.39) 
T Gat cotz]# cos aja Lehr 2.571) | 


= i Geese raw tk As regs red, 
2108 +n £-C;(2eL) + ae 


WP Ee D2 Die) 
2 COL ta 
5 it a aL 

fone, 20,27 "13.07 

ZO 35.40 15.49 


o-! 
(a) Using re Crom Prob, 66-3 
2 P- sin Zel 
R= pe = = 60[ 2108 tIn5-C; (2eL) + “OC AC™ Z@L ee | 


The program WAVEANT was used 
+o produce this paffern. 


WAVEANT 
TRAVELING WAVE LINEAR ANTENNA PROGRAM 
ANTENNA LENGTH= 6.0000 WAVELENGTHS 
VELOCITY FACTOR= 1.0000 


ALL PATTERN VALUES HAVE BEEN OIVIDED BY EMAX= 0.237049 
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5.6-6 (con't) 


Ce * e RR RK OK KR ® * OK WAVEANT * *& # KK OK KR KR OR OK OK K 
& THIS PKOGKAM CONPUTES THE PATTERN OF A TRAVELING WAVE LINEAR 
C ANTENNA ALGNG THE Z-AXIS 
C 
C L=LENGTH_ CF THE ANTENNA/FREE SPACE WAVELENGTH 
C P=VELOCITY FACTOR 
t THETA=ANGLE FROM ANTENNA 
P1l=3-14159265 
UTR=P1i/150. 
1 CONTINUE 
: REAL(S980,tNUD=100) Lot 
50 FURMAT(2F10.5) 
WRITE(O,90) © ; 
20 ice eS <OXs *WAVEANT °//*® TRAVELING WAVE LINEAR ANTENNA PROGRAM® 
WRITE (6991) LoP 
v1 FORMAT( LH 9/° ANTENNA LENGTH= °9F S04," WAVELENGTHS*// 
C Loe VELOCITY FACTOR= ® 9FH#.4) 
EMAX=0. x 
OG 10 I=1l,360 
THETA=1*0TR 
ARL=P1¥L¥*(01./P—-COS( THETA) ) 
LF(AKGeEQeUC) DATACI)=SIN(THETA) 
AF UARGNE eGo) DATAC IT I=SIN( THETA) *SIN( ARG) /ARG 
E=AES(DATA(I)) 
IF (t&eGTetMAX) EMAX=E 
10 CONT INGE 
LOU 2b 1l=1,36U 
20 DATA(1)=DATA(1LI/SEMAX 
WRITE(6992) EMAX | 
aeS FORMAT(//*® ALL PATTERN VALUES HAVE BEEN DIVIDED BY EMAX=",F10.6) 
CALL PPLOT (CATA) 
GU Tu l 
10G) STULP 
END 
Soi) 


The current TERED UES eo sineea i 4-7) gives 
/2 = ‘ ' 
Cie Be ie e (A +) 69-6058) Z Nai 


un 


= ae oa +(ecosO—go))£ bE CF +(6 cos8—Bo) )F 
—Atj(6 cos O- 60) 
—T Ly sinh[(-a +(¢@ cos@ - G0) £] 
a CO Gosia 
mated sinh [- at_ ; GE cos) _ LL hal “45 2/L-cos) | 
NES 
en ey at, $674 _ cos) 
then Srom (4-1), the total pattern 1's 
sinh as, 74 _cos)] 


40 


Fle) = K srn@ 


5. 6-7 ccon'd) 
(b) For a=O and p=! this reduces 70 


Be keinie h} EG 0s J E sinl 87), cosh) | 
a 4 =x, . an ee 
ee, — [/-tos ®) 
which s C3S-s8). 
(<) Using WAVEANT 
meee aire L=6A0 p=O,75 l=6A  pzas 


5.6-8 
- ae " 
nie 4 6 
The radiation integra \ mich. HE St 
for side! with zero eas 8 
current phase at the a, 
vertex is 


Bors +coshj)L 


- —}F2, j;¢2,cosF 
fun 3 iy See a . dz, = In jE CI +05 & ) 
ei F EI +0058) eS FCI +0058) _ 95 EC14 2054) 
wiee per? Se es ee ee a ee Oe ee 


vad jE (-/ + cos G,) 
Se Te ede {tease ) sin[E E/ +056, )) 


&(-1 + cos 6) 
But 0,=0-a and 6,= Ota @L 
So S GL (-1+c¢05(@-4)) sin[ = (-1+c05(6-4)) ] 


= Jz 
un, cs tne Bee) eos (6 a)) 
and similarly for leg #2 _ 


Z 
it IER 5 eo Cit (0s (@ +2) ) Si pe +605 (6 +4)) | 
ez BL (-] +005 (O44) 


6 


5,6-8 (con't) 
Then the complete radiatron pattern 1s 


F(e)= ky LF ce-& a) ] 


where (Lae bs 
BL. if sin 1+ ¢05 (@-4)) 
ye etee 6 (-)+-c05 (8-d)) rn ieea) i } 
GA) + cos (O-+)) 
FE (e)= e! ECli+coslera)) es sin] (14 cos (6 +a))] 


GL /-} cos lo+4)) 
The minus sign on & arises because of the oppos/fely 
directed current onpelegeZ 


(b) See Fig, 5-43 and program VEE sn Prob. 56-9. 
5, 6-9 


a 

he phase reference 
points for each side 
of the rhombic are 
indicated by bold dots, 


The total pattern of the 2 
rhombic consists of the 
Sour Irne source patterns of each leg weighted /'n 
phase by the phase shift of the end of each 
relative to the vertex: : 
F(0)=K, LA @)-R@) +20" FE (0) eV PF )] 
where 
F,(o)=e F, (é) F, (6) 


~ See mnie 5-44 for the plots 


The program VEE was used to generate vee + rhombic 
patterns . It follows 


sel cos (O-a) ~ os 64 cos (O+d) 


F, (6) 


% : VEE * * * 
THIS PROGRAM CUMPUTES THE eoereny 


C a 
C 

E THE PATTERN 1S IN THE PLANE 

C 

C 


% 


EA 
TEN 


KK KK KR KK OK KE OK x 
I 


si * a a a 

OF VE ND RHOMBIC ANTENNAS 
THE AN NA 

L=LENGTH OF UNE LEG/WAVELENGTH 


REAL LyDATAV(360) »sDATAR (360) 
F et 3eE4%, IMAG 


C COMPLEX apt SeES ye 
P1=3.14159265 
DIR=PI/180« 
A IMAG=(Oegl.) 
l CUNTINUE 
READ (5,80 ,END=100) LyALPHA 
80  FORMAT(2F10.6) 


ye 


VEE AND RHOMBIC ANTENNA PROGRAM® ) 


LENGTH 


‘ 23 
* THE LEG 


20X 9 *VEEP//® 


*,F10.6) 


={_= 


DEGREES® ) 


LPHAD 
* ALPHA="sF1lO0cb,y * 


Ot OO 
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etN 
99 
is Me 
<a 
ARG ey A 
<a etc 
po al ao T@) 
aa lo lo 
—_ J qa ww 
<q ——AtU 
i+ z=2Z202 
ic bod rat Pe 
pam pre DANY a= 
Jus ih UAH mw 
BEES oy mt NH RDO 
ool YUraere 
—— 22zdatacd 
AN =e TO 
OO NMA 199 
WO Agia 
tt eeate Ss 
oO oe eel aqm~ 
0 mie OoOOo<e I I 
Ov—~— © Of Uj mn 
mp % WiiWii Toa a 
AO4jJOIO2Z2IikKx<x< 


U3 He 0 0 0 Ope mi 
HW <LO~— © OR N HH eH Ayer FOU AX KN I DR 
NAAN OOD HH He WW ea ee @ 
CW NOT NANA CHNAN FOU te Oe I HOS 
Loe SX XSAN | WA) ba CLOORNAI Se 
BAM Yt WIDZZw— il i ww ewer le 
aAIXYOS FOL SLC LANAN St tee LOO at 
TCSUWLOr Te OO RR OOOO 


New 

Wi 

+ 

[te ey 

ad 

fa We Wd 

pal a et 
qt mint 
l++ —~— 
Iam >~ 
br Pa ¢ 
hd id er fee pm 
A pe id 
ReRe=~ 20 
~~ J out 
SA % x >x< 
oOo ig 
Uva > Re 
+ Ht Wu 
pe eS ier 

HN —— 
att Se <>< 
4.4.65 C< 
HH == 
ees UWL 
NNR e@ 6 


AA ¢——>%¢W 


eal i 


~o—_ 


— — 


* THE PATTERN OF THE VEE*) 


LL PATTERN VALUES HAVE BEEN DIVIDED BY'*»F1U.6) 


" A 
DATAV) 
THE PATTERN OF THE RHOMBIC*) 


r~ 
m 
™ 
S 
1 

9 

~ 

8 

is 

T 

\ 

%S 

S 

A\W 

wT 

\ 

ie 
rae 
‘° 
ln 
4 
2) 5 
Ne} 9 
Hue 


Ww 
a 
Nay 
i 
~<|% 
ae 
aa eN 
SI a 
\ 
nN 
=~ las 
m|< 
S| a 
\I 
=f 

= 

NX 

ba 

ly 

NS 

S 

C 

Te 


And 


A 
y tcos 


A 


X+s/n 


a =>/ 
rer 


$2):(bcosd'x+ bsing'y) 


Gsing 


b s/n (eosd cos $'+ singsing’) 


(sin@cosd 


—_ 
=— 


bs/n 6 coslg-") 


— 
— 


— 
— 


TS 


5.7-| Gon't) Z 


net contribution 
Since the loop current i's (ocdiregice 
Symmetric with ¢ (does not a 

va GY. with ), the radiated fields wi'/| be independent of 


Oy slog simplicity choose =O. Then 

r.T'= b ssn GO cos $! 

From the Figure we see that there w/// only bea -comon- 
ent, since current elements eguidistant to the Field 
point will pairwise yreld only a net g-component. So 
Ake Ae ever ZT in A| > cer! } 

A= Apo der eal b |’ g.p'ev® d¢ 

And $.9'=cos p’ (see figure); so 


Se) LWA We 277 865/778 cos 2" 
H=¢ ee De cos p/eul Jd! Q ED. 


(b) : 
From (F-7) with n=!) 


PL Neer g 
eB a 
sk CI Oar hs ee 
So (2m . IO / 
Ip ee sn Bier d'd¢'= Z7j Jeb sin® 
Thus . eevee @r 
= —___—_—_ j vis = Ses J 
Aad 7 dab 27) J (eb sn8) PQ Sp To bT, 6b 578) 
Now 4 ms ~; 
B= ju (transverse only) =yaug 5 227, Tgbsin8) 
E fo wu Tr b ever 
Zr 


oF (@ b si®) 


a4 


5,7-1 ccon't) 
CO) Foe a saagl/ loop b<<X,0r 2 2) See eb<< lor absmP<«\, 


Then 
J, (ob sire) ee 


SO —= a UL Tob ed Pr bsrn@ a 
Peg iccoret aya errieg oS 


and tA = wae" /Z¢@ = 76? 


Deve 
Ze SAE 


Thus te 
Inge: 
E= + ee, eink s/n@ hich *s +he smaql// Joo pP 
tas ei. i Ne: of €72537 
hire 
From paces) 
A= = ie Ge -X x 2¢03(4 Es;nOsing) J, ty 4 sin(£ s7ne@ cos¢) d, | 
nares 
/8 . 7) x's 6 sing , 
$/=3) deacasnes Ele ds “fr iw Po cayer* dy 
rg rye “VV 


‘ola 3, fiesZ, Expand cos ¢@x' wziag (2-7) 
3, ae LN, A/8 ai e142 cos$)x") +f" eiPCltS/BCosO)x 8 


A/8 =A/8 
| senate eifiesinocese), eit Cl45inBcos¢) Fs iat 


26 /435/N@ cos? 0 745/18 cos g 

i | sin[ Fl) +03 s)] sinl £Ci+eos | where 
ae SS RerOS fe 9 ae | cos¥=s/nOcosh 
: a cos?Y ) G [teos 8) sinf F Cit 005%) | +(/t005%) siaf£ (—l+ cos )]§ 

CI tcos 
= peree § cos ¥[sin(f Z14-cos¥)) + si EC/tcos y)) 

PY) 
sy seategeRawine 
[sin (£0 tes) -sin(£Cl tos ))) ore 


— | 
= ee [cos x-2 sin(Z cost) cosg —2 Cos (£ cosy) sin Z| ‘co? 


(8°?) 
SZ 66 38% sin(g cos®) Beng ih 


— 


¢ sints 
Now Ve ; Sym 
a = Zp Re Pennie Bee, yf a a Igy a pe 
ASE 
if Ag) CXF E (i+cos 2k) 52 ( ees 2 eid (-lteos2) ave -/ a] 
2¢ [#605 TL S/F. 


where cosJl=s/n@ sing 
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SAI 2 Coon ie) ™ 
3, = ie 2 sintld (i+cos 2) | es senfFC +cos 2) | 
/# cos SL —/4#¢os/2 


a 3 C4205) sinfZ (i tcos7e) _ (cosh) sin) E¢- ireasth)e 
, cos 2 )sin (4 (/+cos2)) -sia( £(-l+-cos.2)) | 

| -{sin(Zdreos2)) + sin((-lecos.h)] § 
~¢@ Fer cost Leos (ee cos) sinZ -LZsin(F cosh) cos E] « (6°) 


68-6) 
= nae | cos 2 COSC OSes —Ssrn (Ecos) | 


Com bsni ag the reso/tfs! 
A= s ony 
A= <— I, 3-2 bs Ole die os = a cos x sin(Z cose) COS se cosd) 
ibe A SE | cos2 cos(fcosD) — -sin($ cosh) ]& 


— 
=— 


Ps) 
6 sin ols 


BME Saeie: o 
vere ae A 9s 05 B 008.2) fgg ¥ sin( Ecos ¥)-cos(Fcos¥)] 


S1N2Y 
6 li ect YN COS (z cos /2) -sin(Ecos2)]§ 
which 7s (5-67). 
Ley 
gn. ¢ aie Is 
#0, cosh" 2! 8, cash S] 


For a Sguare om Tapes’. =£ where p= persmeter 
And d=Za 


Thus Se 1 pP 
Ao ie ae cosh Za 
2's Planes since cus Ay -/Pa4 


For P=O0.RX and a=AOO0/A 


Xp IZOTEC OZ) COS <n oF OE 
0.008 


Comparing to Fig. S-¢7b for the exact resu/t 
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CAPA PAE eats 


6.1-I 
A=/7.6 cm@/7GHez 
A =length = 78.7 6M Ay = Tait A=/,7° 


D=diameter = 4,.84¢cm 04 = 0.275 


Se7TlK—/sAcm Yo =.0.86F 
eae he =Ctane= 15,2 tant.7 = B,/5 cw; ee OM TF 


= “y. = nt — 25 turns| 


From (6 Bae 
Dedsrectivity = 15 (5) N(2) =15 (0.864) 25 (0.179) 
eae (1/7) i O70) dG) 
From Baet) = | m2 
ae (S\ [yA 0.864 256.174) cai 
From (6-27) 
jar\= B= Fasoz 
Ref.: Communications Designers Di est , Janvary 1970. 


6.12 
ee 39° ay ZnS 

4) 42 0.63Z2m @ 475MHe 
SG, =| at this center treguency where HP= 39° 
eS (a Sor A/D 


S22 z 
78 
lz Tae saw! = sole 
KR=G tana =(\)tan (IZ 5°) = 0.£€E 


eres OES | 
RS ) A/J,y= NY 5 Nes apie a turns 
es (6-26) 


= PaCS N= =/5C1)" 9 (0.222) = 26.64 = |4. 25 48) 


ei 


6.1-Z ccon't) 
(c) From (6-27) 


jaRi= 2NtHl_6 7 = 06 | 


G) At +he low frequency end oe the eh from (6-/2)) 


C2, Mant AS SC tee 4 (0,632) = 0. 843m 
Sy te ee : | 
S, ar ets 356 MHz 
a 
Also 304 -? dua acl = 5 (0632) =O 


(eee BO 
Se AA Poa = 633 MHa| 


©) From (6-28) Rin = 140 S ohms 


At the design Treguency SD =l, 50) Ki, = (4Ouohen | 


At the low end of the band Re (40(z) = /05 ohms | 


At the upper end ot the band a Oe (86.7 ohms] 
! 3 7 «-fonms 
Gale 

N= 6 WA ati Keem D=22,3 em (Taco Model &- ale a 


(a) 


Cai PS nG2 23) One See ee /9.7em 
= -| 5 = = 194.7 — ad 
A= tan a tan has oa 


(b) 
G=D=is(S) wes 


300MH2 A=! ={5( 22287 Oo 
@ 2 OO Galen 6 Ot? .71 = 7.40 46] 


© 520 MH2 
A= 0.57) 7 = 6 (Olle, Ga 
G =IS(5 Sr) 6 Ea = 45.355 [6.6db] 


6.1-+ Helix with N=lZ2 C=O0.'197m gQ= 8.53 $= /575 MHz 


aad. em 
GS = 19,7 — 
/ Tr 
af 
vA aN tand 
= | tan8.53° 
=), 15 
Calculated 
pattern 
using (6-22) 
_~— Measured 
pattern 
6.2-| 
Infinite biconical antenna imeedance 
From (6-41) From Pees 
O, ~#,=lZ0ln(cot 2A) Zin=1Z0 Ine) 
Ont 845.3+j)0 ohms 845,3+)5O ohms 
(a) 
a 563.96 568,96 
/O LiteDs 3 29756 
20. ZO’ Z 209.5 
sO" Oris 99,5° (above 20° fmt on 
6.2-2 (6-42) ) 
Gi=|° cone lengths =0.3A=h 


Ernite biconical antenna 
Zee bZO-tnCeot Zh) =/2Z0/n (cot #’) = 56V ohms ¥ GOO ohms 


From_Frg, 6-/0 
votes tes /70+j38O ohms Sor h=0.37 


Sig 


6.4-| Egu/angular sprral over #450 to 9700 MHz 
Use 

E=4 reo a ye PWS St 
Then 


is alee es? for one spiral edge 


Minimum rad/us 


Cini =e oO) — lie du =4 sae =32 = 0.0893 m= §.3em 
Maximum radius 
Tmax = gree, Fos Oe = 16.7¢m| 
ea 9.3 C022! bm 
SO 5 0.22) bm _ sen ah Zig ee InZ=3)\3ra275 18° 


Puy =180° = one-half turn on s@e/ra/ 


bar Dat See complementary /og- periodic. toothed planar antenna 
HP=70° 400MHz to ZGH2 
From Fig. 6-23 with HP=70° v=0.81 


F, a 

on ena cT=Vr = Joelr= 

For self— —comelementary Ad=/35° and Sf) #7q. 6-L2 
At lowesz treguenty Wee both should be 4/4 long $0 


Az Ue Zz os ett) Zp 


a= oe Derry 


AL highest stra shortest tooth should be about oe 


5O ons Au = 5 300 _ 
us Be ome oe 


From (6-§Z) and (6-53) 


Kap ROR Os Re. Aan=TR,= 289 R,, 
S 
i n Ry Gn n Ry a 
2 SP V6 Keely ete) Z ee s os 
3 31 38 28.20 g 2.35 7.96 
4 ZS Sy 22.84 /O IM Te 6.4#S 
5 20, 55 /3, 50 V7 SASY LA 


6.5-| Ccon't) e Ryn an 


{0 SAS ee see 14 3.09 7,78 
IZ 4,70 4,23 Ls is O Vis ae 
nS ‘3 48) 3.43 /6 WZAOZ Vira ie 


(See DuHamele Isbell [is] for measurements ona very 
s»mifar urst. ) 


Gea 7 L PDA 84+to ZOO MH2 G=7dB 
From Fig. 6-30 Sor optimum design and AdGB Qain 
The longest element is ‘ g 
z % b = —-= Chios — Rae | 
iD st $rom (6-71) re Sal gaxvos 3 fe 
SS. 5 alee << 1.726 
At the veper freguenc 
Vie fe: i = 
Ly oe “2 z00x10° = Zh 50 Se tadtes 


Other lengths and the spacings follow trom (6-70) and 6-68) 
Lnyp= tL, =O.°%65L,, Wee ely, =ZOOL, =O3IeL 


For example 
L, = 0.8651, =0.865 (1.786 )= 154m 


Ad, =0.3/6L, = 0.316 C1. 786) = 2 Sb4tm 


Tabulating zs Cea 4 
Y) 

/ 1.786 m 0.56¢em 
Z 1,545 0.488 
gS 1-236 0.422 
4 1.156 O. 365° 
So /, COO O. 3/6 
6 0.865" O.273 


7 OIAtE 
We stop at 7 elements since Lo =0.748 m& 0.75 m = a . 


6.5-32 LPDA of Example 6-3. 


fe O29) °/ T= O169 be ODF 71 Lig =O-/72m 
Ad EE =O ISL OE: Ete alt, = 
/ 0,75 m 0.2535 0.530 0.179 
2 0.688 SV AL WA ye 0,496 O.164- 
3 one Oezia z 0.446 Bey ss) 
4 0,578 ONS Suen OG. 0.138 


6.5-3 ccon't) 


n its dn aie gate) ee din 
| Ome 7 Sian Zale 14. 0.243 0.032 
/O OV S445 BORIC (oa On BLS O.OTS- 
i OMB 1 OOn/07 16 OnlO 5: 0.069 
LZ O.. 25 FEO KOK TZ, OPE 0.063 
i ON2CS ~ O:090 [2 Onn. 

6.5-4¢ LPDA 

From noe 6-26 for optimum design 

ANON ES) Gt Cele). 


The VHF band spans 470 Cch.14) to 810 MH2 (Ch. 83) 
Léavina One extra long e/ement, the 


ue x10% 
Cee $3 2, = 5 (0.6383m) = 3/.9 om 


The next to shortest Cleaving room for one extra element) 
should be af Jeasté as short as 


ae peas = 5 (0.337m) =16.Jem 
First RAS ) 
TE sae Bra nada 
2 ana EAL d,=%orly 
tli NGS 34,8 Om 11,8 om extra 
2 31,9 /0.8 i 
3 29. 3 9.95 
4 ZnS 9.12 
& 24.6 3.36 
eZ 22) Si Ta 
q 20,7 7.03 
g 19.0 hee 
9 17,4. 59] 
oye 15.9 oe biuias 
// Ei6a ee > extra 
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CHAPTER 7 


—JBR oP V\C2-2) *+a® 
47 R 4D V2 -2')* 44+ 
pass 24 Sees 5 TANG: ee / (JpV@- z‘)*+Q* +N 2 - aa) 
[(2- 23)" 2*/ 


~ 
aN 
NN 
a! 
Ns 
| 
if) 
I] 


as 
Hee, 2" e JAR 
ae saaeae £— |la-2'p*R* + JpR 34 R*-3(2-2) ‘Cighe1)] 
on dph 
one [a'r tras ta * (2R-322)(Irip) | 
—J BR 
: Z 2" Coe € 54 
Bata 22 yar’ © A 
a ao 2’) 


~JpR 
7 6 *Y(2 2) = eee 


G 


“ & = aes fra) © a oe [(ripaliar’ sa") pan fi 


—+/, = Bi Ore A 
Z1-4 
/ 4 (2,2)) . p~ / / 4 
B= ic Lyset az +f re) Vlz2)d2 
z < ~YABR 
ie Py eae 3. ¥(2, 2) = aR 
R = ja*+(z-2')~ 
a. Gas 
é j ; 2 ¥l2 2’) 
[z@ 238) fg’ = i ag ae dz" 
‘ 7 
SINCE SE = - 2? ,, 


/03 


“/2 


ye! 
fila) P4la2) ye = - 11293, via2)] + (220? yy 


Be 
—L/, wy Fie zy, 
a 


GO&S Teo BERO 
SIM BE VEE) = OT EN) 


ae MIDS) ©) abe ye 
a t= — fin 02) - ee or ae ee d2 


ay 
41-3 
rat re pe ee aes (1-69 


TAN GEV TIAL E- f(ELO! PIUSE VANISS CLF Faea 
SURFACE OF THE ANTENNA, £0 


la = PEE oh Forth — OC Gs ef Sime /N C1DEN 7 JVELD) 
2 ’ 
He va t B°Ag = —Jwé, E* 


‘A’ SOL 7 ow) omg en a Oa 

Ag = C St4yg 2 TVD cota. FV /ep fe) 
Nea Ve /bp (2) /S A PART WULAR CoLuUTwY Ap 
C Sl4pn2 ee D ces 22 FARE Fwo /WVOEPENAV > 
HOMOGENEOUS foLu FY ONL, 
LT CAw RE nag THAT 


Ap (2) = ~1 tage Sin gC 2-WAT 
Fhe, 

Ns, te ‘ Lf, 

Az= C SINR? - —D cos g2 - ea E+(3) si» ple-s)dlz 

-“4, 
THE D/PoceE OLS fF Cis 427A = CURREN 7 = Ab LY pp 5THC 
‘ Ao oD Cos 32 - jus (yy Sth p (B- QA T 
ary 

SUPP0OLE INSTEAD OF AW JYNCIOEN FT YVELZO TWAS) 
CE UAOE 7 DIETER GEL BY 2L7 oneal) ec eee 


OF 


JWE 56s V, i 
25 wes E+(3) sing (2-35 = - Te [519 snplevd? 
—l) —4, 
= —-y Vr sin ps /2/ 
<41 


ee = 7 cosp2z—vVr Si p/2/ 
2% 


22, Salles COS B2 + Cz </»p/2)) 5) Gp kp 
(ONS = 
WE A2so NOW THAT ye 
# —V AR y 
VS pee) ae ¢ B= Vl 2-2!) * ra? 
eer NE evox site +" 
~L/, 
4h f3 ’ : V. ' 
ty; 3: 
Sees 


ITMPEDANCE PATRIXN VALVES ARE GIVEN OM THE 
NEXT PACE FOR FR DIPOLE WITH: 


ees DO SA. 
USA, ¥7 2 
WV AVEO 


THE STUDENT Skeved BE FOLD THAT /NCRENED 
SAP LING JN THE NUAIERICAL /NFECHKATS AV SC/brwre 
Srrotep RE VSER NEAR THE SE CHENT WHERE 
RVaA. THE DAT OV THE NEXT PACE CLED 
INCREASEP — SPAIDP?LING FOR Zy , Zr, 3, Wy. 


OTHERVISE SS SI#CAPLES WENAE USED, 


POSS 


WOnNON FAW R 


be pe 
Oo 


> > pet 
UW Oo | 


~~ 
NO 


=e 662542950463n+01 
= 0662358698 2600+01 
=06618962248U40+04 
= »6608861660990401 
= 66596147899 780404 
= 06579632028410401 
~ 065594860 78650+01 
= 26535734003260401 
=26508404U57330404 
= 26477528635 7440401 
= 0 644314444 5000401 
- 06495292209520+01 
= 96564915746510401 
= .6319366656500+01 
~ 6627139925097 p4+01 
@= 96220158474 340401 
= .61657168173104+01 
=~ 66108134222730+01 
= .6047478187790404 
=e 59838176619504+01 
-05917232958050+04 
= 05847795559240401 
~e27755§881010904+04 
=e 570069424R480401 
=» 5623200469990+01 
= 6 5543195984670404 
= ¢54607726107604+04 
= 05376024624 560404 
= 2528990486186904+041 
~05199945558860+01 
= e5108809654630+01 
-.5015750108950+01 
=o 4920869166030+01 
= 0 4&242727557904+04 
~o64726068257380+04 
= 0 4626364220390+4+04 
= 04525270405190404 
~ 9 4422897422850404 
=¢4319356672460+01 
= 24214760160180401 
=o 410922U356590+4+01 
~04002649933830+01 
= 3895761805780+07 
~e3788068764600+01 
= 0 53679885421550+04 
=63571318028040+04 
= @ 3462484317010401 
~ 0 3355495547280404 
= 0 3244459349970404 
= ¢3135479973940401 
- 6 3026674141010401 
= 0 291814589402404 
=22810000255600+01 
=02702341086720+01 
= e25952705468704+01 


~°248888897061p401 


/O06 


02439797 383S7T9D+06 
=e 48903330981630+05 
=.1428557053550+05 
wo 4741 783502100404 
= 920205481 56240404 
~.1076079591220404 
~ .©5$97323145000+03 
~.4125914427890403 
=~ 628281354%64260+03 
= .2032252164160+03 
= 61916241421430403 
-.1166314646610402 
=. 7200530847710+02 
-.7412605727230402 
-.©0795370140154+02 
=.90624857608404+02 
~.4270778603010+02 
=o S64UZ4536E6840402 
=.59138470123880402 
~.21261/78147370402 
=~ 6238524874727 402 
~.21000%8S97T4704N2 
=~ .1858959326835D+02 
~.1652195044520+02 
=.1476036075650+402 
~.1522277458360+402 
-,118784%28185304+02 
-,1U69506918790+02 
~ . FO4693S77T46E4D+C1 
~.87132790115840+01 
~.7877234251320401 
~,.712500528906)+01 
~,64452185177604+01 
-.5828436268600401 
= 69266778061821)4+01 
@ 6 4753624754230401 
= 6 428353.5149431401 
=~. 9851311488540404 
= 6 9453351451590401 
=, 3086029539610401 | 
~.2746351007590401 
02431723 725700401 
~22139894255590401 
~»18688.5296020+01 
-,1617002193000+01 
~.1582696973050+401 
~.11646381633004+01 
- . 961635649320N+00 
=. 772629480037D+00 
-.9966719856000+00 
~.4529126273420+4+006 
~.28058n1183220+00 
= .158996438929)+4+00 
~ 1517439716470 e02 

0 11442r 22235420450 


0227356020677 +00 


Part (b) 


VALVES FoR 
ey) FRE) cx 


WOT Lt 


STUDENT 
SSfOVLD 


CHEC/ST 
VALVES 

FOR CVn) 
A-CA/NS T 
TABLE 7-] 
BEFORE 

COMP VUTING 
(Vin), wa =) 01 St 
AND i apes 


WenDU FOR & 


~.122426948798D-02 
= .1955729771990-092 
-,26€2391845u530-92 
~ ,3246685696120-02 
=~, 5835658926450-092 
= .4%967942459aNR02 
~,49531203578660.92 
= ,944627789y820.92 
=, 9937119541690—@92 
~ ,6406022216620=02 
~- .655306256756%=02 
-,7278121801560-02 
- ,768095523940C 92 
-, 6061235508150 -02 
-,6418584969770802 
-,8752598115330-092 
-,9062858269390-92 
~.9348950216910-02 
=, 7610470015550-02 
= ,9847032628830-02 
-.1005827805250-01 
~,1024387621260-01 
=,1049355091760e-01 
~.1055696504399-01 
-,1064401309100-01 
-.1972444319110-01 
-,1077813865140-o1 
-,106050039307170en1 
-,1069500907170-01 
-,1077813865150-01 
= ,107244431912D0-01 
-,1064401309090-01 
= ,1059369850441N-91 
~,1040353091760-01 
~,1924387621290-01 
-,10U5827805230-01 
~ FGB47TOS2E62844D-92 
= ,9610470015440402 
-,9348950217250-02 
- ,9962858265500-02 
= ,8752598119440-92 
-,8418584969710-02 
-,8061235508130-92 
=, 7680955239430 -92 
-,7278121801530=02 
= ,6853062567490-72 
-,6406022216650-092 
= ,5957119541640-02 
= ,5446277890730=02 
=, 493351203578660<02 
~ 4396794235980 H92 
=, 5835658526410-02 
@ 3246685696090 602 
~,2625918450560"e02 
-,1958729772020-02 


~,1224269488000-02 


/07 


= 25716094280441p.03 
-.6036949182860-03 
=,82284525914350.903 
~.1034120298396p-02 
-,1240829498610-02 
~.1444653059500-02 
©, 16464%39142740.02 
~.1846695404U9D.02 
=.20454010984%70602 
~ 6 22429072725506e02 
= 6243913323799 D-02 
= ,26354039780700-02 
=,2827561350043p.02 
-,5019622670500-02 
~,.35210153658110.2.02 
=. 5399102894630.02 
= ,3586453156570-02 
-,377223995815p-U2 
=, 5395657626256n-02 
=,4139687806960-02 
-.432196700A100-02 
-,450406068664p-02 
-,468702315n860-02 
-.48726065823570.02 
=,9063889765630-02 
= ,.2266541773 460-02 
= .S4929A871746940-02 
= .579506463n140-02 
=.579506463Nn200-02 
= .24929871770U30-02 
-,9266541773600402 
=,50U63889765660-02 
=. 4872606582430.02 
=. 4667023150920.02 
= .45040606a6710-02 
=~ 2452196700816D-02 
-.413968780708p-02 
=. 395657626268D-02 
~2377223995813p-02 
=, 3586453156442D-02 
-,.55991902894670-0, 
-.3210153658150-02 
-,.5019622670520.02 
= .282756130047De02 
= .263403978068D-02 
= .243913323798D@02 
= .2242990727263p0-02 
=,.2045401098470-02 
~.164%6695404110-02 
= .1646493014274p 602 
= 614446535059520202 
-,12408294%9Aa64p-02 
~.1034120296Ud0-02 
#,8228452591470003 
= .603694918282p=203 


= 2371609428446 p203 


Part (a) 
LOS O00 
(V,,) i LO Ral One ; 
hoe > SEE P6335 
1,0 +J0.0 
Cee CONSIDER EQ. IN PROB 71-1 DIVIDED BY 
T(2) WHoesé WiTs ARE THEW 
ERE ers CECE ne Eee 
eae SNR ae FARBO — v4 5 GER 2 


Faom HRA 2 CARVER | Arex P| A 7 yp LUDEML LEW 
OPW EAA ADY tan * Tame aes ol. 


igus 
Fabel 4/5 a or . 
0 Sears ine a>) 17s Alipay Vn oe aa even te 
al eh Te PAs BRE ee ede gf. 


EE Vn ibe yao en ee ea) 
/M OTT pm 9 THEN (ey JS (NM PATPS, 


LOS, 


Z,, fer 


N=1,+», 56 
with 
a=0.00s-r 
L=0.%72 
N=66 


WPNOU FON 


~ 066254290 9639p4+01 
= 66235867713104+01 
= 26618062055840+04 
= .6606861449U80+04 
= 06595999973940401 
= 0657948U951U704+01 
= e65993399781104+01 
= 26535585077970404 
= 06508256461 950+01 
= .6477382588400+01 
~26443000090890401 
= 06405149721620401 
= 063638762904704+01 
@~ 0631922859407D4+04 
~ 06271259342080401 
= .6220025U75360401 
-e6165586080110+01 
-.6108006295010401 
= 060473552135304+01 
@ ¢59836977799704+04 
~e5917114282870401 
= 65847680240660+01 
=e 57754 7O2B324N401 
= 29700586U30560+01 
= 6 56235095965960401 
= 255430955U2440401 
~ -5460675852830401 
= 655759518871504+01 
~ 252889599I92490401 
= 25199858928 0604+01 
~e5108729477090+01 
= 650156742964104+01 
= 049207977635620401 
= 248242058 22250+01 
=24726005824600+01 
- 4626306373880+01 
= 64525217163720+01 
= 64422848818270+4+01 
= 043193127501004014 
= 242147208985104+01 
-64109185767150+01 
-e400282UU62100401 
@ 6 38957366297604+01 
=o 378804827596D401 
=» 3679867605400404 
=~ 2 3571306862670+01 
~ e S462477774 3540404 
~ 9 33534915928804+01 
~ oe S24445794 2690401 
6 31354866675804+01 
~.3020685681900401 
=e 29181618230304+01 
=226100205U77304+01 
= e2702369591200+01 
@ 0 2595299229520401 


~o24889217456304+01 


/09 


0 143941251929p+06 
=» 4801193837070+4+05 
~01428724265940465 
~.4742102656810404 
-.2085825001180+04 
~,1U9593386503(/)+04 
© .©479657042880+03 
~.4164785687990403 
= 6 2648364314471)4+03 
= .2043608103830+03 
~21923012799970D+03 
~.1170556310430403 
=. 7228212748840+402 
=, 7431307984090+402 
-.6092552780870+402 
-,2071779758760+02 
~ .42775659723404+02 
~  3648509900480+402 
~ 2°1423439787704+02 
~.2729131650450+402 
-.25875539U7830+02 
~ 621018 76486880402 
~-.1860423589730+02 
#61654301198450402 
~,1477006718500+02 
~.1323059246990+02 
~.1188510958790+4+02 
-.107006827872D+02 
=. 276516907533504+01 
= ,871733278833(4+01 
=. 788071559934D0401 
#.7128014690470+01 
~,©447836226980+01 
~.9830726855810+01 
=,.926879385654p+01 
~.47554083475504+01 
= o4284971588520+01 
=. 9852729617280401 
= .5454625210380401 
~.5087178885000+01 
= 62747322655180+01 
= .2432671738469401 
~221407605156204+01 
~ -1869689872449+01 
~.1617733687850+01 
= 215835727097 20401 
© 61165264429230401 
~,9622178521780+00 
~./731722850580+00 
©, 9971794287720+00 
=, 4333882096520+4+00 
= .2810318844930+00 
=.2394170433920+00 
~.7914201801950-02 

02140502714440400 


0227001098409D400 


TS tare 


Ly ander 


4) 


— 
— 


1, 56 


~.213515059544A0=02 
-,216366763805)-02 
= 6290 92245669090-02 
-,56u755956491D0-02 
-, 4271001025240 C2 
~ , 4999979936550 —092 
= 9519225222910 -92 
= 610020653380 =02 
=, 66601557 385620-02 
mo T1994 9929955 M92 
~, 7713585064770 #02 
~ 8203705948860 -02 
=, 666928020991D=02 
9109721296390 892 
=, 924411982960 -02 
~.9912715985720-02 
= 162735989295 30-01 
#,1060761416040-01 
-,1091299001836-01 
~.111895521248DeG1 
~.1143677651090=-01 
~, 1165418561730 OL 
= ,11841355287 280-01 
-,119979U642460-01 
~ .1212353214140<01 
~,1221797601200-01 
~,1228104597250-g1 
= ,-1291261325546-01 
~,1251261529350@01 
= ,1228104997250e01 
-,1221797601180e-01 
~ ,1212353214180-01 
=,119979U64es4D-n1 
= 1184135287290 -01 
=,116541856176D-01 
-,1143677651100-01 
=,111989552124 306-01 
~,1091299001630-01 
-,1060761416040-01 
= ,1N27S9IBI29S4DH-O1 
@ 9912715798583 0"02 
=, 9524411982900 -02 
= .9109721 2964 50-02 
-, 6669280209970 =-02 
~ , 8203 7T0894EBBD nO? 
~ 7713585064 860—02 
=, 719949939955V-02 
= ,0660155738S620-02 
-,6100206533820-92 
=, 9515225222940 02 
= ,49059755356670-f2 
- 4271001025420 <2 
~ ,56073559563980-02 
= ,2909223669U9D-02 


=,2163667636070-02 
13513059544 70802 


//O 


0 41889881278 20-03 
0559944835067 0-03 
0 875572315949HN—-03 
2106618A7581140-02 
0212420490581150-02 
0140308440811D~-02 
219590331 58A74N~02 
21684310193090.02 
0180527794N3500-02 
0191353258584 10-U2 
02008443259920.U02 
20905486574 yuN-02 
02159512704550-02 
02215169839920-02 
0 22573524 0648 8N 02 
©2289749997880-02 
025001 R654764p.02 
02500330796370.02 
02¢8581610574D-02 
0225618454 %690.02 
0 221083781N9I9ID-02 
0214895486351 00-02 
e20U69345165219-2 
0 19701670976860-02 
0 184832916755p0-02 
046979975292 6N-02 
019065085373 45N-02 
01221890544290.02 
012218903544160—-02 
01506565372 yuD0-02 
01697997529170-02 
0 1848329167280602 
04970167US7/9HW-02 
020693451651 5H? 
0214895486304D.02 
0221083781N92H@02 
0 225618454%590.02 
02285816105650-02 
02900330796 3500—-02 
025001 8694759590 ebe2 
02285 7Y495S97TE HHH I2 
02257524064 79D -02 
0221516983992n-02 
021995127045450-02 
020905486575 40.02 
0 2008443259910.02 
019133258584 yun-02 
olL8NS27794N29DW02 
0 1684310193U0pN-b2 
015503313538ATYHeNe 
0140308440811 D-02 
01242040381199-02 
©10661A7981190~-02 
© 873573315958p.03 


0659944 835N46pn035 
o41889861278y0.03 


a 


Fm =) W,, (lm) Elan) 
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pis Se I EetS | ie (oes SS PsEY 
STE aS ene a ie pes Te 
a a z 


° 


OAMAT es oa SF lene Ly = 4 (0.657) Epi Toss A, 


But 4-77 
Did ee aero Mala 

5.573 9) D,= FFA, = 351, Ly = 4 (10A)(20A)= 4r(200) = 2513 

DuldB) = /0 log Dy =/0 log Palio 3 = 34.048] 

Dee, D, = 5, (2513) = 2037.18 2 33,1 dB 

8.5-6 eZ iy / z 
S ALS i Ves / Ve Zs ae Paes. j| 

Ie fei e Pll be de 
2 eB xt Keke 12 A eee 

= eee Ni Xr |= Lees ae 


x ‘=0 
Lx/p 


= A / Lx/2 2 Ly/2z 
E.\ ds og — Zz f ‘J Le ee / 4 /4 / 
j) a [/ va x] Lae <i (-27 Xt pak dx L 


b) 


bs ae 4 a Lx/, x 
= ae = ih “ally (#2) = Laly/5 
So, from (f-65) ; 
I eds) ee 5 iy 


eal a Lip tania alee _ 4 /3 
D= X Tretds’ A Zabiela 74) 
22 Dy and B= eel, . Lye ea o 
Cae 


5 rictly speaking, no. This because the aperture 

electric tield must have a component somewhere which is 
tangent to the aperture openina. This aperzure edae isa 
perfect conductor which reguires a zero tangential Field 
there, thus violating the uniform excitation condition. 


In practice, however, Sor apertures large relative to a 
wavelength the edge effects are minor. 


are 


8.39-8 F$=/SOMH2 seh G =23d8 DG =/19.526 3 D=23.5d6 7 D=223.912 


OR 4 7 FA 5 
? G= 57 Ae => Ne= = Dog sz6)= 63.5/m 
(b) 4. 
De -F Aem 2 spot p= 2205. s12)= 126 mi? | 


(c) 

ce AF Eap Ap Comer (F6)/A, = =Ae /Ap = 63. 5g = 0.635 
(d) 

G=eD=> C= G/D = 199.526/223.37Z2 = O. 77125 


Zee 
a as Tals aces 0.7126 | 


io oF 
(0.8926 )- (0.7126) = 0.635/=E,, 


oO 


Note 
(e)-(7) 
3.3-9 ¥ 
OU ens ES 4), 253 


ap = 
Wen Teo j@oH br = HE, Hee HP, HP 
8.3-/0 When HE =HR,=HP we can approx! mate the beam 


solid angle as 
‘4 S uP 
w/, 


A 
Then Fane ee 
Le i sin@ dédp = (f= ire! 2r[- cos] 
ee. for 
= Bn (cos +1) = 2r(2510% g) x4r(B aE we ie 
et hey nay Ce hd Sa ea 
a 2) y ena = 
We Ft HAG Hee CHa) 


which is (3-3!) with Hie. = Hie Hea = HP iin deqrees. 
8,5-1] £=0.446H2, \= 3x10'%.44K109 = 68-18 cm, HP_.= 50°, tee: 
G=15.546, G=(0'?9= 35.48, Ap = (1855) 137.4) = 254917 cmé* 


(a) From (3s rf) yy See 
Dee GE (68 18)0 S508 0.515] 
fap = Arr Annet al [eB4 e077 
| Bl Se 


pis ee ii aerar ies 
26,000 <6,000 
From (8-82). GR Fe mii Bat Wan Po ea 15-1 dB] 
Cb) om a ) HES iy (30)(27) | ls-lds 
(SA model 1Z-0.4 horn) | 
B3-12 $26.3GH2 ,A=306.3=476 cm, HPo= 12°, HP. =/3° 
G=22.1d8, 6 =/62./8 , Ap = (Page INCL SIG | UN eae 


(Bie eee aC): Poe (8 _ 
€or te | 
’ Ar Apeyete 20 Cl saa mean 


(b) 26,000 * M2 GOOG 22.246 
Go) On 6) a en 
Ho. Hoe Cye)(/3) 


(SA model 12-5.9 horn) 


83-13 g=3.66m, £=460MHz, A= 300/460 =0.6522 m 
Measured: G= 22.248 re =o 


From (8-84) dit. 3,6 2 = 
Cr tale te tak iowa x2 3.68, "2/9015 = 22.548] 


From (8-82) 26,000 £6000 
G=5 12 HP. = — = 
DH Pa eee 166.4= 22248 
pt, i, P-4/44GR) 
6.5-l4 $=29.56 GHz, a = 30/23.56 =405 em (COMSTRR satelite) 


@) d=|.22m 3 6=5,.43% C= 5.43 (122 “= 73,247 = 48.65 48 


ae LOS 


©) Hia= O.605° HP j=0.656° 3a oO mem aeiade 
: HP HRA. = Goro aeey7 7129? 5= 49.8648] 


(Measured gain = 48.5dB) 
Pees: re 


[BL 
Ay 
~XD 
—_— o> 
| 
| 
| 
| 
| 
> 


) : 

Ry =R- SB AG-S)R and K,= VRR- (A) 

Hence cae! 
Ru =(i- A a r= (7-2) A YEE = (4-4) (2-4 ele) 


(See 


Ga -<cne tae | contribution oF (9-92) ks 
ree eK eiee 3 Ni dade eg 


—A/z, i f 
oD ral : eile BOOK roa) 

a “Ay 
Complet jn the 2 he in the ya pth thal 


gas fete ren’ esa lke '(Frea) |” Ape 
ize Ck Fred] fe “A aca ree) ax 


Let 
ie or sin 2R [x'- Burg) | 
ry = 37 [x'- Beu-#)] or 2 VER’ [x'-8 B(eu-F) | 
Then let earich is (8-95) | 

/ R, fuce 

pave Pe -Reu-3 |; 527 6 R, | - Re eu - 2) 

t= Viren, [SP eeu 58] ; = rea LF Rene 5 
And using et SR 

Pak { iNew pte tae 2 ds 

Seen =? if re 32 “WB as’; 


=P) ine Poste’ ‘) 3 sin(£s7)) 5°] 
sag (@4U-Z)? iS (<os(Zp7)~3 sin(Ez”)) d'| 

=A ested)" [ese )=j 5¢s2)- -Ces/) +3 S6s/)} 

pean (@u-F) [C(4Z) -3 S(44) -—C 4) +5 


Pod 


jn (8-93) and C8-94) 


Oo 
a) From (8-45) 5'- lrex, [-2- R oes 
Se Ame ea ie 7 R, 
BAR, A 2 af 2 OR Od pon peeve t oe 
where t= A*/8AR, as /7 (8-/02) 
Si= 2VfFl-7<z (fsin 8 cosp)—F4 


(Heine) ] <5, 45 in (820g 


oe") 


For p=0° 
S/(p209 = 2ve'[-/-¢FL 


b) The phase Zerm ijn (8-94) ss 
577) @ COS + a 


Fg (@sin8 cosp+E)* 1 ARL (29 A 
A 
ary a & sin@ cosfP+z) — pa (as sin cospr+zZ) 


AWOT ENE SRSOL UP =O ene 
3 z(4 in @ eae Which is the phase term in (8-103) 


Ontisnt 
The integral | E ee ds can be tound from the Fourier 
es with @=O and Z=O pig Cl-Gaalen 


transform of 
pale ds] = 2 iki si, ea ages al 
neg le ae ee) = “aa ve COS TX yy! bi dy! using E, in (8-94) 
20x’ A 
wae Sp sorceseys ae = Eb fxts ap f= Foe 


Now, with u=0 WNL SS) 
sp-p= Viren, [- $- Fe his-aeVrea, LS rene ty > Pa 542 > 8 
Then trom (9-94) 
I (6-09 oe esze (a) [C ¢a)-§ SC Pp2)-COp) +S CP) 
*Ccp.)-35¢p) —C Cp2) +3 Scp2) | 


/36 


8.4-4 Ccon't) 
[r(6=0,¢=0)| =|Cepe)- 3S P2)-Cop) tj SCP) +Cep)-3 Spi) -C¢pe)+55(p)f 


= 4 |-Ccpe)+Cce, +5 [Sce2)-Scen]] since Cex)=-Cee) + SEX=Sc) 


So Base E a 
D = Li Sy. | AT, aia 4S [cp- Cepa)} +[S¢p)- scl $ 


== ZT / 


z Ab 
Ee iz 


2 a 2 b 
me T d EC ACcpa2), + Scp.)- Sera) § (#-/05a) 


and ‘ie above 
g4 rR) 1 Afr RN AVA)» EA) 
Parte * Bl=3 V2" TL AVE,” LAUR ater 
CAS WR _ AS Lae RWAT AVA) ac RA Ald 
Peary mer |S ERENT 2? Tho Ae AVR, = pea - oR | 
which are (8-056). | 


Ass 


fate) 
20 
From (8-106) 
A=v3AR, 
(ole IS 
A R 
ae — | 
A 


re) 25 50 75 . /00 


8.4-6 (a) When the fae error is Z€rO 
Aly 
& (6,¢) = J, come oe ih 4 ik ae ith Fee 


| gon os BCs reu)h y\-a+eu)F -jCE+eu)$ 
=a G i. (es —e 
sR eu) jC E+ eu) 


ey: ae ‘ 
{ See G 2848 _ e302 
Sak era ee 
FPS “FZ + eu 


A A t+eu-z--@U 
a te Sree , Vales Bah 
; Sas ee 
=IGOs _ oA seuye cos (2) 
R 


(6) 
&(8=0°, >=0°) as EVE Lie-0%4-09 LT RY 
A KV L@=Oneee 


SSO ZEAE Cy Won. 
— 17 V8AR E o 
a a ) 1 (6=03¢=0°) = a a TL (= OF Z= =0°) 
CU tan eeKecasmeae GF |Ile-03 $ =037)| 
a 177% 0.9374 —0.// JB 
e hi 
4 2.417 0,949/ 5 - 0.453 JB at a 
4g Ze IT 0.890% —/.00% JB \ /ocated 
/2 2,945 O. 2/78 aie 7a] OG Ee, ¢-/| 


Samele calculation 
From cea eae -4 
|L (903 =0%)| = 2] £Cc¢.) -Ccpe))*+(Sce.y- sent] 


ele VR/X 1. Al» 
P= vB allo pee alld Vi" sim A R,/A 
A AIS "VE" Igie ~ 40e' 7% = 84) Ga ae “i 


Pe = Fe 2 


Z 
For t=Ve piel 44, P2 =O and (IT/= 2)C%,414) +57(4/4) 


IZ1= 2 (00,53)7+(0.2137)* =/. 778 5 ee, IZ]= 0,98 74 =—-0.//d8 
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Malia) Ri JK = 5. dy =12.6° 
From jeometry 


Ri_ Eve Lu re R, 1 = Get = 52123 
Bee OCS KuR ~cosdy cos 12.6° 


and A _ 
A=2 eee) = 2 (5 72)*-(S)* = 2.235 


Then 
SHpase Dek Oey iat 4K 
The eaitern Values from Fig. 9-// w#zh t=//9 are 


fale Ya ttern tax ee Patzern 

Lor A sing ie & a sin a hee 

OO O SIS} SS -2/.3 dB 

Be O/ 9s, 5.0 60° 4-9 36 Ay 5 
/o° O see = /.5 A the 2/026 -2Z3,0 
Tn | OS 78 ZF TO" ZJ00 -—~Z9%2 
BOP \ NO: 164 Fa 603 VS A NEF Kea 2588 
25° 0.9445 -8.0 0° Lira = 267 fs 
1 Ts fate ty DD if ae © ee ge 85° PBASrr0\3 27.7 
35° /.2@2 -/6.6 Boe) es = 279.2 
$O° 1.437 -20.5 D2 
ge Ae S92 OF) G 8=0 

O /0 


ie eed. 7/2, /A- 20. 9 


PatLern (8) 


ae a 
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8.4-7ccon't) (b) From (8-105) 
Di= HES 3 cce.) —Ccpz) | “+ [Sep -Seez) | 5 


228 ile eATA isa ZL 
fee, “VED =e Si aa ke = 2, =/4/4 and fe=O 


Cop) = 9-529 = S¢¢.) = 0.7138 CiQJ=HQ S340)=.0 


Dy = Ble ee = te E 0.79935 
yes Rid SUNT (0 Iga =o ae ——- 417 (0.78935) = 22, 7 


Aye 
From Fig. 8-l2 for R,=5 and A/A=Z735, AD, = 22 | 
(c) From (8-56) 
_ 32 Ab d 5S. 32 AS 327755 =) BP 
Die ee aa eee GAZ 76 
which is a close aggroximaLtyon for Zhis smql/ aperture, 
3.4 -8 
(2) WRIO waveguide has A=0.9% b=0.4"=/0/6 em 
_A=3cm @ VGH 


aor for 65/215 dB 
aT) i= ey /6.4/= 48.4 


From Fig. SVE Grfiye optimum occurs Sor 
VR cs WZ and A/, =6 


This js consistent with (8-/06): 


Ana 5%) —= 653-72 “VE 
Hence 
A=6A=63= 18cm]  dy=tan! Ad tan 2149 


/Z2 
KS Ie RH Hes = ene | 


Cb) 
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8.4-8 ccon’t) 
Cel AS ya 5 tty CRG (8-/05) 


in clea 


aE Ccpz) | “+[Se-Seea] 
ab and A/) 
p= [E. ee el Sa rez] =/-633 


VRIES Apy AA ax ee) e- 5 
pra. Vern Pain| BAS ee 
And 


CC) =C(L6 33) = 0.3467 ; See.) =SU633) =0. 6/45 
Ccez) = -C€0.8165) =-0.7313 


5 Sez) =- 50.8165) =-0.2635 
So 
4-iT poe {2 
a 5 [0.3467+0.73/3| +[0.61/45+0. 26 a5 
ib. CO 1+ = (anlS'd B a 
84-9 


mo oe -/06), A=V3XR\ in (8-/056) 
VR, SA V3R/ + / 
} oe | oe os ft on iy ne, 

Es re [Se VE" ee |= mle | el! * 7] 

fe 

Jo Pat = 1683 5 Pz = T= - 0.8165 
And (2-106) in (8-lO5a) is 

a4 z - 

> Dy = Tez 3 [Cee - Cpr) | + [See -Scen] § 
Solving this For BE, / 
0 aie aa a! A 
A tif [Cce)-C ¢f2) J hhSee.)—-S cen] | 


The values of A Dy = 48.4 and the Fresne/ integrals from 
Prob, 8.4-8 jn the above g/ve 


Rie 43,4 
x= 5 


4 iff 0-3467 + 0.7313] + [0.61/45 + 0.2635)" | 3 
=I.971| which compares to 12 in Prob. 8.4-8 


$= 3a = 3-977 = 5.994] which compares Zo 6 


R= UAMA=35.9310em A=5.994A = /7.98Z om 


14] 


8.4 -/0 iis HG (8-/!/) into C8-/8b) 


Uz <rey 
R= Aue cos a 7! ie” ee 2 baR,Y edt” yy 
af a en Ee -& 
: < 
From (4-25 
9 Ka. cos(u) 
aoa ee oe 
rie 2 €44)* 
oa et the aie in Lhe second integral f 
JZR Fe, (Pas) ob ze ~ Fev)’ / pasa -j2" 
d= CA By é dy fos 12. G Vide 
a te, 
where 
Bs 
Zz hae Soe Re) or f= eee y- Ka) and dy’ fB a 
and 


i= (4 (- 2-80) = Ve (2-Rv) (3-1/2 b) 


are Va oi 7a) Gs) -0<D ean Saal 
Now From (8-24.) with OQ, = - Hl aS s/n (8-61), 


So 


a =\eR ay 
EF = 36 = [é(2, sind + a Sade itelag 
Seep 
ed 
pres (/+ cosO){ 6 sind i d cos | hy 
Fok above resu/ts tor =F, 8,9, 
E- E, eZ ta. ek Fu" [3 sind +4 cos] Urgon8 
cos( as which 
7-(Shaye |C)-§ 50a) Con) +5 50)] 15° aa 


One 9.4-Il In the E-plane $=90° and vz=sin@ sing=sin@ 
ee using (8-112b) 


3 = ($=90°) = VS RC z Rs sin@) = V-x ~ Fe 5 in@) 


an using ia £8) Ba Ete fog fa IW OI) 
xs Vs? AIS Bae 
B= PFC 8 (8 = spay ae al pat yaa Gee 


[42 


8.4-Il Ccon't) as 
Iailarly 1g = 13 b= 909 = Lys Liag s(R sine) | -.. CE-uEE) 


The E-glane patzecn follows From (8-!lZa) wth g=90° 
/+6050 Ze. 

ee a } 04) -Ces)]* + [5049 Ser] f in magnitude 

Mee =P ys' and @fas Zs)! cand. HASH previous 


equa Lim reduces fo 


O) $407? us) +4 2a)?” 
which is phe pa ttern waximom. Using this Zo normalrze 


[Fe (o)| = egos @ Gea heey cb Scab x8 oh 2’ 
41C*(2us") + S*(2v5)] 
opis 
Prem (8-490) 


So * 
Pia. = > Oe) 


And from (8-107). 


fo iM LAr 236) Ae fos 
EEN oe Fe R, can 
Combining 


Similarly Sor the E-plane horn 


z ra 
AK way = 5 Ge) =i 
d 2) Beal] 
an a ee aa yt 
ARaax=A|  Explne horn 
orca Bal The phase error paramezers for optimum E- and 
H-plane sectoral horns are different because \E 


the amplitude diséributions are ditterent for | cae 
each plane, In the H-plane the amplizvde 
decreases toward the edges; thus farger _~- 


phase errors may be ¢okra7ved due to 
the reductim from amphi dcode weight ing. 


| 
) 
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8.4-14 WRIO: a=Z2286 cm b=/40/6cm §=/0 GHz ,=3cm 
Hheo = 7] ~ GC =/49 dB 


8-119 = Are UE fT a Ga 
oT (8-119) [eee 543 > = Phe Oe = 419) 
fs) 


B=4UA = 49/03)= 1493. em 
Rndiaa wae ize6 
y= eons OO} 76. 


Thos is sit 
Yo Wi ee rae 30.9= 4 


From Fig, 8-15 with 2D. =.55 and $=49/#5 
Kr, = IZ or from (9-1/7) Te = seis IOS 

Finally $rom (8-1049a) 
Xe =V R+ (BY as (36) +(45" = 36. 74- cm | 


since Ro = |ZA= 12 G36 em 


gi ») (ey-H'= (14,73 - 1.016) (CEB os 


= Baas ey B= 4,9) A= 4.9103) = 14.73 om 


8.4-I5 ( E-plane sectoral horn of Tull ¢Allen (61) 
WKE84: A=2.84"= 72136 em, b=/34"= 3.4036 em 


A=0=72/36cm B= FO, Ap =/6.5 = 
At $= 3.75 GHz (A=8cem) Gp=/t5dB 


From (8-/09b) 


2 pe ee LER Se AOnag| cm 
R= Z2tande Ztanl6.5° 


From (8-109a) 

2, = $R24(8)0 = 44 437 cre 
= 32 4B» GGy+5@ 

2 Wear —— 

where 


(a) 


Ce-6) 


= 8exR, = 4+Neceydo.sny = 0.94268 
C (0.94268) = 0.794.845 5 (0.94268) = 0.381233 
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8.4—-/5a Ccon't) 
So p= Ee (712136)(24) (0.774845)? +(0, 381233)" 
Se (0,94263)* 
= £3./2Z£ = /3.640 J B| 
(b) 
SIPIG RS Bam 


oy, plead 
9 WHCAY VI- Get 


colfeg mamta 22/36 g 
e7a’ er 3 Vs 76/35) _ 20.4754 


= (60866 
E VoKa, 2 C%g)+SG) rtg—<a 
Ee We 1+49/)) We ate LE oe “i Ag) (8-/20) 
Erp ACD CAT LO MEETS) F1O-88/2 38) 


3°(/+ 46/33/83) (0-74-26 2)* 
= 26.533 = -l4-<386 aT] 
84-16 The radiation fields of the E and H plane 
sectoral horns are not zero for O>%/2 as we clarmed in 
connection with (8-24) because of the imposed plane 
wave behavior over the aperture fields: see C8&-6/). 


Only uhen the exact aperture frelds are” used is the 
resu/2 zero for O>%Zz using (9-24), 


84-17 Using (8-86) and (8-i0) in (8-123) 
K.=(B-b) Sines = (A-a) (fa) = Ky 
Inserting 
A=V3AR, =V3A8, B=V2\R, = V2A0-, (8-124) 
and Sguaring gives 


(VEARe -b)? a -+) = (vax -a) A - 2 


ois 2Z 2 
EB 04-1) =(5¥-IEL) e 
Working from (8-125) 
é.= 40 fan ehoe cae VSAKH VZALE — pre [4a Le 
NWN & D z ver 
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8.4—/7 (ton we 


q ate GC / 
Dee es ne VE = Beis (ea where 
Using this in (x) 


(2Ver 2)? Cae A = PS ieg oe ioe 
whith i's (8-126) Se ier 

8,4--/8 (Example Se Ne é SA Mode/ SA l2- a) 

Mee oA 10.77 C38 Bo) oe: 81 Cm 


B= VAN, S1/ 2022 ay gee et ae 


A= ANG ze oe 
£1 B eo Ves s 


= /8.46 crv) 


Ky = wa (18.46) = oie 7. cr 
3A Bu 322608 8 ae 


-=(p by eae (455-1016) |( 322) V2 2 29. 16. em 
=A) (SY — 4 = (846 2A) (EAS = 29, em 


34-19 
a=i228%6 cm) b=/06 cm A= 3cm @ GHz 
720.762 = 0.3387 
Ze 
GL 60g» eae ES Wek 29 
emo Vie 


So (8-126) 


Ages. A, 3387)* (20-1) EC ae -0.762) (56,291) 


By trial and error starZ/nq with G= 6G/77V6 = Ae 
IMG ‘Sol C#dv1 $5 G- =a 5Se 


Th | 
ri te = 74 =(6.193)(3) = 18.55 em 


a Vere =V2(208. 55) = 10.55 cm 


nae eas VOT’ g 
77 BOS wee on ss EE 
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3.4 —-/9 Ccon't) y? 
BE Oo I Ae ay 
Ay = EV WT. SEP errr ee 


R, =(A-a), (BYE =(13.58-2.286)\|(23 Ra 07cm 
Re=(B “b)V(E)t x =(0.s8-106) (BEET .07 em 


As a gain check 
PRISE Ges BV ayy hex th. 20 48 A\pig 
aM A ee 


Wer cass 
fF; hd. ns A = 
ee” 1g. 8-/ GeVe Ds C., 
Ee IOS. Re Lek 18.55 _ 8 
X ae =3,5Z2 and Rees. Lies al 4 
In Fig. 8-15" give 2 De Ee 
Then, from (§-/22) eo 


Dp = 32 (KONGD,) = BIN35) = 99.64 = 20.046 


38.4 -20 
Grae. Fd B@24:GUEs (ASN Laem) “Gs ]07 = 2IE/Z 


WR42: a= 0.42"=/ 066 8cemb=0,/7"= 04318 cm 
“= 0.25344 bh = 034544 


(a) 

G G* 

a eee Ants, 
aT 33.2/3 aye ye Lohr 
So (8-/Z6) js 


(er 0, 34.544) (20--|) = (33-213 ea) — 0 35394) (Aaa 
Starting with pe G/ Ve. — ee oe and /Zera Ling 
yiel s the solution g=})9 565 = /y 


Then 
B ~ (22 = V2Z(8.565) = 6.0734, B=6. 0934025) =7,6 17 cm 


a» 

Ae Ge al 2 ee 

ee eo A=77080IS) = 9.635¢m 
We 27 67) J ? u 

#, cal 19. 804 QL, = 19-804 (0.25) = £4.75 5 om 


ad 


8.4-20 Ccon'Z) 
Ku /A_a 
Sy ise cis! Ai TN Ge lees 709. 
PE eli 5) (BAY= 2 = (n209-0.45304) (f504 “4 = / 22a 
ee SULTON Se eee cm] 


L 
SF = ee Bie = (SSS CON Zo) =e 2 Seed pean 


Re Bee 
Eee (ae RelASE. Ve 
D G ee - a = (6,0934-0.34-544) Eo 4 


=/7.275 — Re =IZ2Z75 (425) = 2). 54cm | 
Note Ry =ke a 


(b) 
From (8-/08 = Ate 78 = 
i ) HE, 785 EP TOR ae 
From (9-1/7) Hf Paige Ae ot em o 
Ga\ HeBes orate eee | 
(c) 
From (8-32) 


Z6,000 £6,000 
G = tt = = 27990 54 = 246 dB 


From (4-22) for a cosine tapered /yné source 


HP, = 69.2 4°= rege ae 2) 
H A 7707 7 Peto) | 
From (4-14) for a unisorm amp/itode sine source 


HP, et) Gag ole alan ° 
< B 2.0934 ~ 4:34 


And we see that the actua/ HP's of (b) are larger 
than those computedhere for zero phase error 


because of the deleterious eSfec¢s of the 
guadratic phase CrRFOR 


I+8 


8.4-ZO con't 


(e) 


H-plane 
pattern 


E- plane 
patfern 


= esas 
Yes Z| Seas 


8.4-£| 

The criterion for realizability of a pyramida/ hon antenna 1§ 
Re =Ry = Rp (3-/23) 

Substituting (9-86) and sguariag gives 


(8-b)*[ (4) £] 2 (aa) (4-7) 
But from ($-109a) and (8-85a) 
R-\2 Ree z a 
(By a ee 


So é 2\2 2 ce 
(B-bY (By = (a-a)*( ¥) 


a USVI REED ee ie a 
A eo 
Bite 6A 


N= 3.75 em SGHz WKIO: a=2286cm,b=/.0/6 cm, I =0.6096,2 20.2709 
pee ees VED ys Oe Com : 


(a) 
For opt/mum opera tion, from above (8-/08) and (3-119), 


.68 : 

A OBE ee Ea ae ae 

A sin On Sin OO 

B 0.47 O 

—. Uv.  (O\4 ie 

a A Miner ee 4.496 
Optimum pyramida| horn resu/ts yield 
R ? 

OP viesiel 7 AL\ Dee sens bce ae 
rm o( 5) ae (6. 5054) /4-/0'7 
Az (Pieler ces (piped z 
ae se =e ae) = Tat (4.496) mes OT 


And |b b/d 


Ta 2) ays 
Fe eres HO" 


A/» 

From Prob. 8.4-2| Rese fae ay 
Begley aoe ae Fee 
eo) a ee eee: TROL S$ 
x yd RON Le eine ax 


8.4 -22 (con't) 


14.101 § = 103692 (10.101) © 


= | 2032692 (70,/08) 3 oe | 
r TON PaaS 


and E 
R 0 
+= = PL = /4./07 (0.8619) = 12,)59 
Ro. Roop } vy. FOOT: 
* an oa Ht 7LC 
As a check 


£ Ky 7A 
Ve) + (Bytaizcs x2 (x-3 | eo 


Ce ei 


£ [Ey (@ K : Iv 
a Vs) By = 1.9897 8=(2- GRE PS Sg 


A 
(c) 
5 (See eUy im 
BO) eis = g (6. 5054) pats kas 0.4350 oat 
_ i sy 
S=s3(5) — =—- =+(4.496 —O0.2155 14% decrease 
a(x) R2/y 8 ( ) gee 2 ayaa 
/4- 
(d) 
(6.5054) 3.75 = 24-2395 6m 
B= (4.496)3.75 = /6.36 om 
ea (/2. 5865 )3,95 = 22-70% m 
Re = (1.9397) BIS = £4.77 em 
Ru=Re = (10/96) 32.75 = 4/32 om 
oy A R A 
From F719, 8-12 with Z= 6,5 and pied Lar 3, Sey. 5. 
From Fig.8-15 with Br 4ac5and d Se 
J m iach a i Bed 4 D, +40 


Ss eee) hin 
- G = Dp = 35 (4 De (A Dy) = F 40475) =196.532 = 5 all 4B] 


D,= 40 (F(Z) = 4 (6.5054)(4.496) = 362 54 5 Eap= = BES? = 5008 


ney 


8.5-I 


Assume a plane wave behavior of the aperture fields : 


AES A — A Eo 
E mre Be Ho Xa, 
Then— see (8-/6) and (9-/7) — 
P= EB ae ies See 


Thus the electric and magnetic current formulation of 
(2-24) reduces to 


5 Vane A : 
E=j¢ <= POP, cos$ +7050 7 cosh JB |-R, cosPsind 7g sino 


eh ae “jer 
=a [e cosh — 5/h¢ | () +0058) Ie J => 
0.5-2 


The unrtorm circular aperfure paltern 15 
25, (gassing) 
(oo ie ec Bat Nr al cs 

+6 ) 6asin@ 


C9-/37) 
From (F-7) 


SENET 
n ay mi¢mrn)! Fhe 


Rezarning only the first term (since x22 | tor @ smal!) 


Zmry) 


iso C01) 2 Z 
lim 4 Ji (gasin@ ee s/neg 
6-0 6a sin @ To ee ui 
ea svn 


a at ae 
From (8-/4]/) 
Wie tf fera-op-(Ey] & (ee Jo (er'sine) dr! 
Lez = G/4, and b= 6a sin® 
ce a= Inf §c+O-Of/- x]? ax Jo (bx) adx 
Oo 


= Z77a* 3c fx Jo (bx) dx + O-C) f° ()-x2) "x Jo (bx) dx ¢ 


ISZ 


Be 4 “Coon !Z) 
Re9 (9-/34-) {lad ntuddu = ae we see that 


fox Jo (bx) dx Si “J, yy) 2 where y=bx 
Be 15) Cb) 
=i Y Joly) dy = a 2 ese 
And poe 
n 
i (/-x*) X Jy Cbx)dx = salah Ths ?Gb,) trom (9-/43) 
So : 
Oy =Lira yc ou ante) + (/- Pict nn uA, (6) $ 
~— Ta an Paap SE Una era Lc 2 ‘041! Soa; (48in) 
@rne "a Tea ain Bien 
= 17a*| C £(0,nz0) a Flon)| see C9-145) 
But ‘ 
Sn (O=0)= ie max = Tat tage — is i). 
Thus 
$(9,NC)= Fun C $/0,n20) HFT = 
UN max Cele 


y+) 


el WE.dsT Ty os 
€é=—= ol hey: a See Ok ON ed 
t D, Desi Ap SHE faa ee Ae i 
i A, ; 
|E, Gaye (ejee 


(a) n=; 
9,=J2r[ [or0--') } © dr 


z F 4 a 
“Jaf [r-crorger sR fer Foden FJ. 2 
Ere frerO+]7" ae £3 : 


LSD 


3.5-4 ccon't) 
=, iia a EA] § rdrdg 
= 2r J" ee geen We te Po Pisa | +ZCU-C)0- a) § rdr 
= ae [fre Zlenrs oh cay" ae 
after collection mu /ike terms LD) oie 


= Lr [Ee Zl Fr hore = % 


KE Zrat ff +5 (C-1) sit CA a JAA Ry +¢ecy?] 
=e a r£(c-1)7] 
on = (nar)? (Ztze)” Pale Ce” 
IEG mat [c+£C-1)2] a Gt (Ee 
(b)n=2 
d= fans [C+0-C)(1- 4) tices 
= fanh AGN aa ae Eee cletae 


=[an[e Pro F-& eT 
8,= 2r[Scre-e)fi- £8 ede 


= Zr fo ee fa +200-C)[r- rae, re 
ret lrm Berto Bort] Bae 
ee expandin 
3 
=e 2 +26 Cae ee ey 
4 
ONE BE tay -2e rs 7g 
AGS Faro 
ae Ue pie? t£CC/-C)F gems: cas 
1 Car)? [o+£0-c)] OFAC). 


é. —< Pe SR cre WE Re ei ms Sat zt aS ye 
watchs 2 CO-C)re(-c) | 1 C7 260-0) ame 


Loa 


8.5-4 ccon't) 
Myer ao V0d6 edge Laper CEG, 316K 


n=! 2 
i 5 FO, SOL) 
oe = 
2 F 09,3162 +40/-0 3162)? CTS 
is h—Pa 
FID S162) 
See 0 9769 


ez = 1 COsiGay? +2 0,316 2(/-0, 3/62) +2(/-0, 3162)? 
which both agree with Table &-l b. 

8.6-| 
From (8-]47) 

eC/ +605 8’) = if 
>guarin 
2()+-Z2c0s@/+008s*6') = 4f° 
Sguaring (8-148) 

i 2 sin?O & e72-e2cos?G 


/ Z 
or e*<0s A = eer’ 


ee e*+Ze cosO’ ter’ = 4f* 
Zee(/+cos@’) —r/* = re 
Using (8-]47) again 
Zeff rr’ = 4.57 


Thus z Zz 
ga Pati C oshiteltl T5\\9 C£e 158) 
4f 
8.6-2< 


From (§-|47) oh 


e | /+¢05 6’ 
Converz ime to coordrnates for plotting 


A ecos 8" r/= e sho 
So / 
/ cos © / svn 
Z‘= | gla 
et / #6080" /+¢-600sO" 
And 
Z £ _cos@! aN Se SI G@ 
Ato tat /+cos ©’ Of eee. cosa 


8.6 -< ccon'Z) 
/ 
Evaluating these tor @ fram O to & (where = Fee. 


and phiting yee ie eh) 
o0.5d di ae Pe SNe 
r! 
Zz 

= 

asd 
(a= ee ee | eee ee eg 
0.5¢d Oo 


o679 


From Ge ; -} | = : Z| 
r \2 z Z 
to 45tp5/7 Sa eecutter | 0 = ¢[it(zq)"] x? fi Ge 


normalized 


C —- + 
Az the edge r'sa=ad/z and 
edge Humination = Ci+ (Sy) 


z | 
% fire (Sy) 
ro) —-cddG 2 


Ol, WOUN39. “17a 

OZ O3I0, = 972) 7 

O13 01570) = 49 Sa 

OF  G-719", 2234 Osi. 

Ono. Ous —/ 9 Uleeaee 

OLn OC sar) ee ONS 

On7 0,881 604 W Se 

Ove. Oil ° —O781 eis 

0-9 O0.9Z8 —0-65 =| 

ae z 94) 0.53 0 Ol ae 04 05 06 07 08 O9 1.0 
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8.6-4 H- plane of Example 9-3 antenna 


From (8-/69) pects Bef bes 
From Table 3-2 in H- plane O56 = ae Py An as G48 = 2 2 56? 


ae inter polating 
BE SANS eee ile 


7d8 dG 
dB d8& dB 
0.264 7 —> ier Cas ze 


-/o+(0.?) =-12dB 


From (8-/70) the free space /oss at the retlector rim is 
20 /og Pie eay? | = /.7 

So the edge i re is 
mee P= eB 

Lnterpolating from Table 8-| b 


HP=L 195% = Liss % oes 180°_ oo. 595° 
ae 


which Bec. ZO 0.556° measured. 


8,6-5 
A= 0.1429 m @2/GH2 d=6 $t=1829 mM 
From (8- a 
Bere Arnel (td ' r |. 829 \* 
0 SEA = 6p (SE) = 0.55 (8) 055( Git) 


—es3at£) =—£9449 7 
(Andrews quotes 29.546) 
6.6-6 
A= 0.02678 m @ /.2 GHz 

TaN 3.658 \* 
G= alcron ey = 0.55 (Eee Sees) V7 
= 50.05 dB 
(S5-A mode/ UDA-12-/07 guotes 49.8 dB) 


= /Z4t=3.658m 
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72-1 


Na 


ae 


(0-a) ry = 
pk peeeee 


a = -2 (¢-a) 


1798 = == ~2 (t-a) 97 = ae 
2a Tals ee | j 
Ue ja) ¢ 12 pf Goe Ht | w (7-33) 
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Ze ee a 
= SE] (fede! oe dydt| 
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o — ot 
—J2 Cor X ;_ Sh Lash SY bo geo a 
1s Z| oa) e re ede | ae | 
o / eee Be 
Oy ie > D } o 
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(S26 cor) Pe Ce EN AS: Z-A/ 
fas | DCE "AWK TM 
a —¢ (27) 46D 
Ga ~F a" Ty aA | = . 
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NOD YE Ori xo Fee J00PT ag 
Vi le #7) re SNCs earri AmanenG 04/382 a 
Oat (Lateo. (1-54) 
b) 
oa 23a Poe? = 2 ee ee ae 
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In the above diagram 0 is an electric or magnetic line source, 
illuminating a wedge whose edge Q is parallel to the line source. RB and 
SB are shadow boundaries which divide space into regions I illuminated by 
direct, reflected and diffracted rays, II by direct and diffracted rays 
and III by diffracted rays. 


The reflected ray when it exists is reflected at R and its 
total length is r' + r. The incident (diffracted) ray has length 0'(9) and 


makes an angle $'($) to one of the wedge faces. 


If 0 is an electric source we consider the E field 
If 0 is a magnetic source we consider the H field 


In each case the field is parallel to the edge and we are not concerned with 
its vector nature. 


The total field at P is 
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u is the field diffracted from the edge at Q. 
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be described by the formula 
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where P is close to RB. Here and subsequently the upper (lower) sign or 
other alternative corresponds to the electric (magnetic) line source. The 
approximation becomes exact when P reaches RB. 
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The angular separation of the diffracted ray from RB, see the 
above figure, is 
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and it is seen that the fourth cotangent in equation (8) becomes infinite 
as P crosses RB. We examine the limiting behaviour of cot () F[ ] 
as this happens. 
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As P crosses RB, sgn 6 changes from +1 to -l and the above term suffers 
a discontinuity of ~2n J 2TKL* It may be confirmed that, for the geometry 


of the figure, all the other terms are continuous. The discontinuity in D, 
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and the discontinuity in the diffracted field is 
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This discontinuity is equal in magnitude and opposite in sign to the 
discontinuity in the reflected field. The total field is thus free of 


discontinuities. “an (6) 


An examination of the terms in egn (8) will reveal that as the 
field crosses SB from region II to region III 
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and the second cotangent factor is infinite while the F[ ] factor is zero. 


Once again it will be found that the diffracted field undergoes a discontinuity 
which cancels that of the direct field as the latter falls to zero on SB. 
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SINGLY REFLECTED 


--Segmented monopole near a conducting step 
showing a ray that is singly reflected. 
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DOUBLY REFLECTED 


--Segmented monopole near a conducting step 
showing a ray that is doubly reflected. 
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--Segmented monopole near a conducting step 
showing a ray that is diffracted. 
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DIFFRACTED REFLECTED 


--Segmented monopole near a conducting step 
showing a ray that is diffracted and then reflected. 
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REFLECTED DIFFRACTED REFLECTED 


--Segmented monopole near a conducting step 
showing a ray that is reflected, then 
diffracted, and then reflected again. 
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AIS TOINMONMH FTE NOMA Sha 
SE TSEONSEODNOONM AND SUH 


PPoGgSS gS 5333888383 


=3I900959909300990599009990 
OOOO 90900090000000090 
~OO909D09000000009000000 
A SAUDE AAD MOANA ORM 
e®eeseeoee*#eeoe 60 82 @ 8 6 6 8 6 @ 
near adel an Vi Gira 


Ret NOS LNOM DROSAMSINOM ORO 
ed dd ad ad eed eed ped od NY 
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(b) 


ees 
Sen 1R=1/0n0- C5 A phouceh sepes,\sector, potiecn (c=0,5) 


ae 5-9 £05 [rlm-)ecJ f A which ss € 
Lm= ema Cf a > / Sora »)WNIC is rVve 
: A 
tec idc 0. syvce OS< =|, 
200.$A) | 
So 
, _— ’ — Lagi ou T = 
lin = Lp», = 200.505) Sal ml2m-1)(0.5)(0.5)] = 4 Saf E2m-)] 
THE NUMBER OF ARRAY ELEMENTS = 10 
I Sl) A(i) PraSE(1) 
l Pe AP No SONG, 6.050020 0 eO 
Z 212-7500 -C.0643i0 0.0 
5 1.2500 -G.090030 0.0 
4 0.7500 0.150050 0-0 
6 -0.2500 0e450150 0.0 
vi -0.7500 0.150050 0.0 
8 -1.25C0 -0.090030 0.0 
y -1.7500 -0.06431i0 OAa8, 
10 —-2-2500 0.050020 O83, 
/0.3-6 


p=</,d-O5%, Fourver Sé€TMreS, sector patfern CCeO;5> 


eS. ae FS tome J 2 , b opin 
tm— Um ~ < , Awe dw= a dw 
“2 tf 
=d esenm sc Te | d Z; sin(@mmr Sc) Hb tante- Ve (2am ¢c) 
¢ 14 2m S frie jZimmSc See ZTMEC 
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/0.3-6 ccon't) 
Evaluating sor d=O57 eps =05 


Fe eM i et icy 8, 


= 
A mir/z 
THE NUMBER OF ARRAY ELEMENTS = 1] C/O elements have Zero 
current) 

I San A(l) PHASE(1) 

1 #e5000 0.035370 Ono 

x 3.5600 -0.045470 G.0 

3 2155 000, OC :COsG EO 0.0 

4 1.5060 -0:106106 O60 

5 0.5000 6:318310 6.0 

6 0.0 6.500000 0.0 

fT '30.5000 MOL3TSaaTC 0.0 

6 -1.5000 -0.166100 eye 

1G = -3.5000 -01045470 G.0 
1(0.3-7 

ave)" J=0.52, Fourrer Serres / O<ws0.| 
SCw= ale O.lSWE 0.7 
elsewhere 
ae are hae } 
_;72m-1) 4 
2d x 
= ie f40w) € feel ae 


l| 


N|- 


a _ 1lzm-i)tw Os 5 r(am-It 
nee “dw +3 § ae 2 


2 2.1 


pvr em- 1)0. Pe eit Cm -1) Oo] _ ended 2m-1)0.1) 


PS" T (2m-1) 


} 
+ 0. 05d Se 


+0,053- 


ss 
a —) = (2m-1) 
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elon e) 
Let t=mrl2m-1)-  dt=20Qm-i)dw 


eoM pias abl eve 


W W 


=e tose dé fl sane | ‘ t,= 012 (Zm-/) 
z£ -/) 


/E(2m-1) FE lom-l !) : t/Dlom-1) on £2°0.52(2m-l) 


Zz 


ay LOS Salt if Oe = ajgiee| Se. “if 2 sie), 


e Z 
— 286 Sint]. “Oe: (ated) sft) Se (4) | 


min a Lee TE, [Seen )eScle) | ae cans (F-/4#) 
Then Oey, 


hcarken colt eg 
ee ae: Yn sin %/p 
c Tas + Ciltr)-Cé(4,)-3 (Se G2) - S¢ Cty) 
( 
- —-m 
til2 sin L1/2 
im = 0.05 fe! t/a + Ci(tz)-Cr(ti) +; ($e (t2)-SeCés)) 
THE IWUMBER OF ARRAY ELEMENTS = 20 
i Scr) A(l) PHASE( 1) 
i —4e7150U0 0.021669 9220910 
vd —4e2500 GeG2Z0459 FieblLVUO 
3 3.7500 0.02549% 100.4300 
4 —322500 0.030745 493.0700 
5 —Ze 7500 0-043 394 T6oe9 100 
6 202500 U.04267b 66-0900 
B 102500 O.075227 =o Te UOUU 
9 -VUeT500 vVelVillt 4426600 
10 —UWe2500 Gel2loto 15.4004 
li 0.2500 Usei2tolo 15.4600 
i2 Ge?500 O.L07117 —44-060C 
43 2e2500 VeVTIS2270 —-67.06U00 
14 10¢7500 02048941 —3.2000 
id 202500 U.U42Z076& —08.0900 
io 227500 Ge04339U0 —16.9700 
41s Se?500 0.025494 -—100. 7360 
1g 4e2500 Ge020459 —F1le6100 
2U 4e75GO Uevd2l6o9 —-92-9700 


ai 


10.377 CLOVE) 


10.3-8 Z 
27 = WwW 
From (/0- ee ths a eu UE oe Sora Woodward-Lawson 
AGE 
@) Using (0 20) for P pa 
WaT Jw = 
(aie ie e’ Hm s => Plant ei ees Ew Z'wa) 


eas N=-M m=-N 
Using 2,=md fram (/0-19) )+he sum on m is 


A d d 2+ 
> PaO EL x Pe ae ed 2nm(nrawa)S 


— 
— 


M=-N y Ee 
iNY ,_ ps C2N#1) a 
Cena fe P= Zr lw-wy) 
/-eiF : a 
=ZN¢#/ 
ear ate f ; 
~ oN? e212 ize, }.. j CN +rF-}) svn se? 
C3 Vz eve eitlz — oa 
yw Zz 
sin Pe edd, 2VH J 
ee Z Sowesee. eerie! ae as 
ae Z SiGe A te saat a ee 
50 d 
sin| P2r(w-wy) = 
ae: p? a ia en oy oe 


ie sin )z27 (w- Wa) £ ] 
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1023 5iccon's ) 
(b) From (10s 22) for P even 


d 
_'r(z “mr (Zm-l)=w 
bod = 2 em ee DN aie? # | 
Substr7 ines C/0- 35) 
ore Ne bi2re 


gues! -1) 2w tie Bi antes pe 
Y) 


n=-M 
oa. SUMS and asin 
a ~ ae -] 
M N Zm-!l Zm-! 
ele ie 
MS BZ on? Le tek? 
n=-M mez] 
The sum on m is 
ON” GN y N 
; mM - my 
PS adel Ea Maly A 
m=] meal N 
Pe gias VES ilag BEL UP, aT 
y m= | 5 i m=] 
= os, Ge JN N N 
=e LC esz ae S716€ ves oes 
be Ga |—@9 Fey f=5 
oeteY eth cies fy p 
—€°= \zZ Cuz 2vz F_elt 
eutz > PP +e VF, ee eS 
Cz —CV%Z ew 7/2 eve _2i% 
= jy es 2?) ee i - CO5 ny sin ve 
s/7y NPs he ase 
=a Zz 
sn 


. , 
yn) Pr (W-Wna) = 
3, nb ‘ ad which rs (0-32). 


mM 
ay Low) = ede SEY ee 
yay, P sinlriw-wn)=)} 
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Oe | 
P= 2Z0,N=/0, d=2 \ Cee Wy are givén in Table /OZ 


First ay Sohail 
m~ as < = 
Zn = ae d lsm<N Ce oer a —-N<-ms —| 
Ss 7 LY 
+ eauice = a’ 
2,,24+g% 22 4A, 22277 A, 224 aaa We A pA 
ee Zm 
So 2 _j 27 5" Ww, z ~j2T 5” Ww, 
Lat an ee Gn © 
n=-M ==) Z 
eam) eam Sw, Rs ora Ws 


snes cos (27 MO.|) tree i 
zo 1! eae 5S" +2cos (040 = m1) 
+ Zc0s (0.6 = She cs (0.8 it =) cos (Ww en) | 
Example: li) 
Sele om (2m =£¢)) = [1 +2 cos (0.27) +Zcos(0.4Z) 
+ 260s (Oba: J) ted COSY GL )+ leos (#) | 


Oa tee 
10. 3 -/0 
p-/O,d= V2 Woodward-Lawson array, sector pattern (c=0. 5) 
From (/0 -3 4) a Ae. AK NES =0O.2Nn <5 
iadegease © eri Fy brome eo 


The values of wW,and ay are the same as in Prob. 10.2-6 
Mee ee Roa i eee Sollow ree (/0- eg) as 


- 27 2m, Be Zig) ee Lily ys 
ae An © ae = JO oli +e : x +e” nx 
-j2r "0. 2 wy ‘an ol 


Ti i 

n AtI) ASEt 
And S 1 S(1) (I) PHASE(I) 

m 2 3 -1.2500 -0.100000 0.0 

J 4 —0.7500 0.155754 0.0 

NP A tiea A 5 —0e2500 0.452015 0.0 

ie Gadae ; © 0.2500 0.452015 0.0 

7 0.7500 0.155754 6.0 

-m=- Zm 9g 12-7500 -0.079 360 0.0 

10 202500 6.071592 0.0 


N 
O 
© 


—10.3-/0 (con't) 


eid 
P=18 ,d=0.65X, half-wave dipoles, Woodward-Lawsonr 
fa gee OSI cos (£¢0s0) co//neac 
= (oO) =e) wie 2 fo 
: F4¢@) ie elsewhere 3 9 ) S/N Matare 
eV Yd, 
O Fy (@ ——_——— os ° 
$.(@) = fy ©) = cos(Zcos®) 70° <O< IN0 
Ga(@) or elsewhere 
Sample points are 
Pd (800.6 
And yes f\(wn) wa t0s O 
sn On 


ae NN Wa= 0.085472 B,=tos Wy dn= f40n) = cos l= cosh) 
~4 -0.34/68 JOLIVE ° /.09370 
eos | OZ S 641 /04. 8S 1,O506F 
ee | —O8/ 709 F 197. 84 LOZS FO 
—/ —-0.08547 94.90 1, OOF 39 
O O 90° [ 
/ 0.08547 fee Ad LO OLED 
2 O.0/170Y SOs 15a7 fp O2ZLARO 
2 O. 2564 75-143 J, OS O6F 
4 O. 3419 FO “GOT 7: OAT Bia 


£0] 


10,31! Cco Bee wee 
lm = a ee Ls Wake Ase COS Gi Wn) 


n=) 
S171CE A —Lhy + Wy=-W, 


Using P=I8 and 24n,Wn 3 from above gives the Following 


ThE ELEMENTS ARE COLLINEAR HALE—WAVE DIPULES PARALLEL TU THE Z-AXLS 


Lim 


ELEMENT LOLATAUNS, CURKENTSs AND PHASES 


i ACI) Yd) Zti) Atl) ALPHA(I) 
L OeV 0eV —5.3250 Oe0443 Oe. 
2 0.0 U.0 “4.3750 0.0451 179.9999 
5 UeV 0.0 225250 G.206035 0-0 
8 OeO 0.0 -0.9750 0.1483 0.0 
9 0.0 0.0 —Ue 3250 VU e4#065 GeV 
10 0.0 0.0 0.3250 0.4%665 0.0 
il 0.0 U0 0.9750 G.i483 =. 0 
le U.U 0.VU 126250 QeluUlo 17929999 
13 U.0 0.0 2.2750 U.0732 179.9999 
44 OU 0.0 209250 0.0035 0.0 
15 G.0 0.U 305750 Us0526 000 
lo 0.0 v0 422250 O.0490 179.9999 
al 0.0 NP #03750 0.0451 179.9999 
18 0.0 O.V 925230 O e043 0.0 


10.3716. 
P=18 ,d=2.65A, half-wave dipoles Collinear), W-L, csc pattern 


(2) tan 0 Fo) 
Peer OENOE Nags 2 cose) “| /<°S2 
Jal) sin @ 70 °<@.<90° 
cos( ys Tos) 
O elsewhere 
Again wy=J0.08547n InISM  |[Wal¥< 1.0 
Then WwW, = 6n= 

Vet Ae 08547n Cas |Win An =, (On) 

O O 0° LO 

{/ °¢.08547 695.0969 10054. 

z 0.17094 LOWS PS /.O2Z 19 

3 0.2564 75.1428 Oo TLS. 
Peromsaies.  Jo.dess 0.5555"! 

5 0.42735 64.7005 0.46916 

BS = OPSPLEDOUS F, YARN 0.41965 

a. OMT Seg 3 53) 25 soe 0. 3942] 

8 6.68376 46.9618 0. B888 5 

2 WO S76GLS: 13907152 6, O-40677 

70 *0354)0 ° *31, 2734 "0.46614 

ff 0.9400 19,9199 9. 67057 


From (fO=3S SPE, rad Wi, 
hme = FDA mre]ieZ. Ane | 


ELEMENT LOCATIUNS, itis, ANU FHASES 


i Xt1) Yti) Zid Ail) ALPHA(1) 
3 0.0 020 42280 Oo0e7% 125-6100 
( O.0 GeO —-1.6250 O-1061 i38.5410 
10 O.U 0.0 G.3250 0.3381 -53.7580 
ll O.0 OV UeI9T5U UVelVIG —66e1159 
13 UeU ued 202150 O.O811 118.7146 
15 0.6 0.0 305750 U.0428 Litezte9 
18 0.9 0.0 525250 Oo 0478 16324060 


/0.3-lZccon't) 


10.4 -£ 
P= 5, d=0.5A, Dolph-Chebyshev, -30d8 SLL 
(a) Following Example (0-5 
R= 10s Oe ER age 
Xo = cosh| 5 cosh. R [=cos h is cosh 3462 = L568 7am 


Normalized current 


: 1 +- 

Co GENO) = 65 Gc 10000 which agrees 
i = 45 x = 7b5 57 Dal gR with Fig.32e 
a5 = shit Zt | ahem Eye hes SG) 


(-b) From A’) 


D= (ae Aa) 7 [9.9641 + 2(7, 6557) +2(3.736)] 
Sar AMA *Z2655 D4 ZEIT? 4.2257 


n=o 


10.4--3 
P=6 ,d=06)A, Dolph-Chebyshev, -254B SLL 
(A) From C/0-43) with N=3 


§(¥) = ZL 4, cos £ +62 608 3240, cos 5 F 


Kae: 


10,4--3 ccon't) 


And 
cos 3 = 4 cos? £3 cos¥ 
e053 ore = 76 GOS Bs —~LO0 GOS 3x 5 Cos £ 


u | 
% es 
Foy) = 234, COS 5 thy (4-cos 3¥" 3cos Bpie (16 cos! 20cos* ¥ 
+ SCOS 2)§ 
Ee Us cy +523) cos £ +42; -2043) cos *3 Lf ribes cos *# 
From WO-4/) and (/0-40) 
Ts OX) = 2x Myx) -Tg &) = 2x (8 X* 8x741)-(# x2 3x) 
= 16x% ae ox 
Using X=Xocos + £ of (0-44) gives 
Te Cv) = 16x65 cos: L_30 x3 cost F + 5x9 tos 
Eguating Preeti & 
Baits (6KE SNES ty=bxe 
Gel, SOY meee: ee : O 
Z(4i,-2003)=-20x8 > b2=Z(-10xi+20%3) = ¥(xe-xe) 
<a prthnah dst aoe eh bier eS 3 
2(4, wig toes ao Xp D lb, = F Xot3 ez St3 =F hota hoo pax 


Now S77 2*Bo 25, 
R=10 20 _ /0 =j0'*? = /7782 


From (/0-48) 
X= cosh| a cosh" 'R |= cosh} £ cosh" 17. 782 | = = 66 


So 
moa, = £¢1266) = /. 62607 


62 =- 2X3 +5 b3 = — 22 (1,266) +5 (162607) = cyekeu wad | 
wee S ‘ ; 
bj SOL nls: -S 23 =3(,266 )+3(3.0576)-F50.626)= 4-2075/) 


THE NUMBER OF ARRAY ELEMENTS = t 
i $(1) ACL) _ PHASE (1) 
i 1.5000 14626070 020 
3 023000 4.207510 O20 
& <0,3000 p4e209510 0.0 


-p.00 §=12.50 =~ 25.00 


=12.50 


S(d6) 


=37,.50 -25.00 


pO. 00 


10.4-4 
The zeros of the sdeal Tayfr line source are 
Xn = ty A*+(n-F)2 (0-70) 


Using these to generate the pattern polynomya| 


Fin0= TT Cx-kn) Cen) = Treatxs )= Tle —A*-(n-4)? | 


The max/mum occurs vei X=0, sothe normal/zed peters i 


Fun) The A (n- +2) Tro Ti+ So Amr 
fun (x=0) Ute A‘ (PS)e pas Ropp ad 


which 


1s 
(/0-7!) 


Liaxjys 


(n-3)* 


Saye TT fi aon which rs half of (0-72) 


oo yi 
Me * inode ] 
Now cos Ty has pa locations ars ae hc RRP 
5 ~— 
OO eCOS Ty = KT Ly (n belie Tfi- can > a — 


Let y= xt-A* 
cos (1 VxEAY) = TT (i | 
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104-4 (con't) 


ee cos(1V-A* J=cos(jnA) scoshirA = TT L+ 4 AS] 
Dividing these two Se 


cos[mVxeA" 1 Tf ay which /s 
ae Sie ta oe lee Se mare =n V5 the other 
coshTrA FF f. Ar ] half of — 
ay [i+ poe //0-72) 
10. 4--5 
The zeros ot the Tay/or line source are 
shad OTT lsnen 
“a (10-75) 


ns 
The zeros oF 5 sn. aPC | dt VA ACERS Ce 


“5 50 
Sr Ph x oo oe 2 
WX gt a sh OE") = YF ie a) pnormals2 ed 


the Tay/or line sourte ne is 
n-! 


od 
TW }/- a Kas] TE I— pe) 
og o*(A* End)*) . 
eS 14 n- aye) eek xz 
I, Cage) eee 
hg Xx") n=l . n=n 
on MUL bel; 
Sin 7X | /— x2 a WIC 15 
‘¥ 7X 25) — £¢x,A, n ) (/0-77) 
ah 
n=) U sie 
10.4.-6 
Same lino theorem: Bees: q(3g) Sal27Ble sa | 
=-00 
let he, wen " 
OLS. Bo WS zara,” OC eee B55 
and = 5 1s the highest ‘sgatial’ ‘Srequency 
Then 
per oir m) Silica = (w- 2m) | Baie as 7/080): 


a or yas 
mM avs 
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10.4-7 
‘ Ee ae / 
From (/0-88) we =R cosh] Az (5 Wyp) ¥ | 
So 2 2. (- & 
=] z e 
cosh ve ath A~(<wyp)* or A= (5 ue) rm 4, {cosh | 


Was e a) LASS » [cosh cae 
But A= rip rt 


Yi 
BS a @ =f c a iS (CAE . 
Wy Pp — e T [ Ceosh RY Cosh By | which 15 (10-84), 


10,4-8 


fia-1) | TT ral 
Ny Mente ns Caden SN el (0-87 
FOO A De (A-l4n)!(-1-9) 2 may xa) 
where 2» 
Xe oA (maa) NA Sica 
A=z cosh’ R T= 2 
7 Aue 
MOW sija-726d8 RaiZ792% Ax-~cosh'R=1/3655 
Se, am 
g*= y Une ae ee Ah = 7=5 
Attn 22) Sin (J) 3655)" + Gi) = 16054 ‘ 
S 
2 ie Xt SoA (m-4)") 
| WIS92 & 
2 4.11033 
3 8.75247 
Pe RY ELL 
And ane a 
(n-1) 1) n* ee 
mar: (n-lin)! (a-l—n)! We? 5 (n, Ay A) 
0 / /.0 1.0 
/ 0.8 O- 27664 O, £27277 
2 O.4 —O. 013425 On 0 ooo 
3 O. 114286 —O:0579 38 Oe) CO OLGrem 
4 0.014296 O, 344145— 0.004917 


£08 


/0.4-4 


——_—_——e 


TES ,Ex,/0-6, Levan, Be Gadse Sires 08728 y 
Z. as * “117782 
H Pye = PB [cosh "e)* Coos EY] = br [(cosh172828)- (cosh 7) 
)..04./8 vas (/0-97) 
- A ) -}]) Kz V2 
fie 7 sin es ) Cosh R)—Coosh za) ‘ 


See are R Ag He srt OEP e807 Yo-a7) 
HAY * HP = 107728 (0.0978) = 0./0536 VY 0-98) 
Hips. 2 sint3 ATT cosh!2)* (cosh! elt 

S Zsin7! 34 HRy 3 = 2Zsin"3 wale bs BS 6.0394" VY 0-98) 


/0.4-10 
(a) Using NEESLAP 


Array Aperoximation to TLS oF 
Exame/e JO-6 8 


P=Z0 elements 


Tl Gi ‘“O— os ‘“a- seo oo ‘o s2°d Oos* 


(6) The half-power beamwidth ot this pattern is HR, = 0.105 
This compares to the corres pondina Taylor /me source 
of Examele /0-6 with HB, = 0.1054: 
The side /obes of this array are @// below the -25¢B design 
level hat the far-out side bes donod die off as fasz 
as the Tayhr Ine source of Fig. /0-9. 


LOF 


10,4--// 
Taylor /ine source ,N=7,-30d8 SLL, L=8) 


oe R= ee VO 21628 
= t cosh! R= + cosh" 34623 = 4320 
As - cosh R==cosh 3/623 
a sis K = |05S53% 


we VAtt(n-d)2 VO1320)*+ (6.5)* 
The sample /ocations from (0-82) 
The zeros are, from (0-75), 


5 Xn=oVAte(n-s)* nenaT7 
ro) 
X,;= 148969 , X2,= 2/0875, X3=298365S, Xz = 3.94780, 
Xs = 4.9493) ) Xp = 5.96942 


The samgle values are, trom (0-87), 


a fn-1) 1% n-\ nt ) 
Q = fon ih). {eae leer gee In}<n 
oS cus lee fi ) 


ete ioe 


Sabre Ste! Sead ul tes 
(6 tn) !(6-n)! mz) Xm 
Evaluating and using as /nput to SPAL, 


SPAP -— SAMPLING PATTERN ANTENNA PROGRAM 
THIS PATTERN IS EXPRESSIBLE AS A SUM UF SA FUNCITLENS 


APERTURE LENGTH= LEN= 8.0GOG WAVELENGTHS 
NUMBER OF SAMPLE PUINTS= NP= 13 

1 WN(1) Adi) 

1 -0.-75000G 0.002249 

2 0.625000 -0.004137 

3 —0-5000CU 0.004676 

4 -0.-5/50GU -G.001638 

> —-0.250000 -0.013133 

6 -0.125000 0.282657 

% OO 1.000000 

8 0.125000 6.282657 

9 04250000 -0.013133 

10) 02375000 —-U.001636 

ll 02500000 U.CO04b6T6 

12) 042625000 -G.604137 

13) 02750000 G.002249 


£LO 


10.4-I| (con't) 3 
(b) |Fcw)| 


-25.00 


-30d6 


a s.‘O— os ‘O- s2°0- ao‘o $2" os°d $.°O 
W 


-33.83 


Je(s)] 


10.4 12 


Tay/or line source , -25d8 SLL 2 


| 


ae Poke oe ee / 0.8054 
A==cosh ee (/0-95) 2 1.063 
ae ve (10-76 ae 3 1,09 Z4 
= SaeeCa-e HR © HE 4 1087 | 

= Ly 707 
Initially the HP /ncreaseS as N Increases Bz es 


because’ the high SL's of the sinMtxX/mx 

pattern are reduced /eading toa wider main beam, for larger 
values of ny the HP decréases For increasing n because the 
side lobes are raised above what they would be for the 


sin ix/1x pattern. 
A 


i ene 


Rae wea ts Peay AF) 


ri 


. vy 


“a 


